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ELEMENTS OF ANATOMY. 



INTRODUCTION. 



Anatomy, in its most extended sense, is the science which deals with the 
structure of organized bodies. It is divided into departments according to its 
subjects ; such as Human Anatomy ; Comparative Anatomy, or the study of the 
structure of different animals ; 'and Vegetable Anatomy, comprehending the 
structure of plants. 

On examining the structure of an organized body, we find that it is made up of 
members or organs^ by means of which its functions are executed, such as the root 
stem and leaves of a plant, and the heart, brain, stomach and limbs of an animal ; 
and farther, that these organs are themselves made up of certain constituent 
materials named iismes or textures, such as the cellular, woody, and vascular tissues 
of the vegetable, or the osseous, muscular, connective, vascular, nervous, and other 
tissues, which form the animal organs. 

Most of the tissues occur in more than one organ, and some of them indeed, as 
the connective and vascular, in nearly all, so that a multitude of organs, and these 
greatly diversified, are constructed out of a small number of constituent tissues ; 
and parts of the body, differing widely in form, construction, and uses, may agree in 
the nature of their component materials. Again, as the same tissue possesses the 
same essential characters in whatever organ or region it is found, it is obvious that 
the structure and properties of each tissue may be made the subject of investigation 
apart from the organs into whose formation it enters. 

The foregoing considerations have led to the subdivision of anatomy into two 
branches, the one of which, under the name " General Anatomy," or " Histology," 
ti-eats of the minute structure of the component tissues of the body ; the other, 
named " Special or Descriptive Anatomy," treats of its several organs, members, and 
regions, describing the outward form and internal structure of the parts, their 
relative situation and mutual connection, and the successive conditions which they 
present in the progress of their formation or development. 

To the description of the origin and formation of organs in the embryo, a special 
chapter is devoted in this work, under the name Embryology. 

The study of anatomy may be viewed in two different aspects ; viz., the physio- 
logical and the morphological. In the former, anatomy supplies the materials 
relating to structure from which an explanation is sought of the uses or functions 
of organs by the physiologist ; and for this purpose the study of histology is of 
particular service. In its morphological aspect, anatomy investigates and combines 
the facts relating to the structure and relations of oi^ans, from which may be 
deduced general principles as to the construction of the human body or that of 
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2 INTRODUCTION, 

animals. In the determination of these general principles, or laws of morphology^ 
it is necessary to combiae the knowledge of ihe anatomy and development of 
animals with that of man. 

FIiAN OF ORaANIZATION. 

Vertebrate t3rpe. — The general plan of construction of the human body agrees 
closely with that which prevails in a certain number of animals, viz., mammals, 
birds, reptiles, amphibia, and fishes, and is known as the vertebrate type of organi- 
zation. The main feature of that type, and that from which its name is derived, 
belongs to the internal skeleton, and consists in the existence of a median longi- 
tudinal column, which extends through the whole trunk, and is composed in the fully 
developed state of a series of bones termed verlsbra. This vertebral column is formed 
in the early embryo around a simple rod-like structure, the primitive skeletal axis, 
which is called the notochord, and which in most vertebrate animals disappears to a 
greater or less extent in the course of development. The more solid portions of the 
vertebrae immediately surrounding the notochord are known as the bodies or centra 
(figs. 2 and 3), and constitute a pillar around which the other parts are grouped 
with a certain regularity of structure. At one extremity of this pillar is situated the 
heady showing in almost all the animals formed upon this type a greater development of 
its constituent parts ; and at the other the (ail iD»which an opposite character or that 
of diminution prevails ; while on the sides of the main part or ii-unlsj there project, 
in relation with some of the vertebral elements, two pairs of symmetrical limbs. 

The head and trunk contain the organs or viscera most important to life, such as 
the alimentary canal and the great central organs of the vascular and nervous 
systems, while the limbs, &om which such principal organs are absent, are very 
variable and differ widely in the degi'ee of their development among the various 
animals formed upon the vertebrate type. In man and the higher animals the trunk 
is divisible into neck, chest, abdomen, and pelvis. 

The vertebrate form of skeleton is invariably accompanied by a determinate and 
conformable disposition of the other most important organs of the body, viz. : — 
firstly, the existence on the dorsal aspect of the vertebral axis of an elongated cavity 
or canal which contains the brain and spinal cord, or central organs of the nervous 
system ; and secoMly, the existence on the ventral aspect of the vertebral axis of a 
larger cavity, the visceral cavity, body cavity or ccdom, in which are contained th6 
principal viscera connected with nutrition and reproduction, such as the alimentary 
canal, the heart and lungs, the great blood-vessels, and the urinary and generative 
organs. 

The general disposition of the parts of the body and of the more important 
viscera in. their relation to the vertebral axis are shown in the accompanying 
diagrams of the external form and longitudinal and transverse sections of the human 
embryo at an early period of its existence. 

Segnnentation of the body. — The vertebrate type of orgamsation in the repetition of 
similar structural elements in a longitudinal series, has a segmented character, especially in 
the axial portion of the body, and this segmentation affects more or less, not merely the 
skeletal parts of its structure, but also, to some extent, its other component organs. 

A segmented plan of construction is by no means restricted to vertebrate animals, but exists 
in several other classes of the animal kingdom, as is most conspicuously seen in the Arthropoda, 
such as insects and Crustacea, and in the Annelida or worms. These animals, however, although 
showing a serial repetition of parts of like structure, are not considered to belong to the verte- 
brate type of organization. 

In the human embryo, as in that of aU vertebrate animals, the segmentation is most marked 
in the muscular system, the nervous and osseous systems becoming for the most part corres- 
pondingly marked off : in the adult the osseous and nervous systems retain in great measure 
the segmentation which has thus been produced, although in the muscular system it has 
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Fig. 1. — ^DUOBAM OF An BIRLT HDllAN EMBRTO. (Allen ThoniBon.) 

*, t, indii^Uona of the vertebral diviaions along the line of tha back ; r, u, apper limb ; (, /, lower 

limb ; u, nmbilical cord. In the cmnial part tbe diTigiona of tiis brain are indicated, together witli 

the eye, and au, the auditorj Tesicle ; near b, the TiBceral arches and clefts of the head, forming inter 

alia the ludimenU of tbe upper aait lover Java. 

Fig. 2. — SltUTDTA<3RAV]UTTC ^ 

1, 2, 3, 4, 5, primary diviaiona of I 
«ard in the TOrtebral part of the canal ; 
iiing through the axis ol the Tcttohral c 
Joraal aorta ; j), pharyngeal cavity ; i, 
H'bich the arterial bulb is eeen joining tbe i 



Wolfian body ; 



Q in the cranial part of the neural canal ; n, n, apii 
EB process of one of tbe Tertehne ; ch^ chorda dorsalis m 
ck', tbs same extending into the base of the cranium ^ 
lentary canal : A, Tentricular part of the heart, «i 
by arches { A, TiEceral arches of bead ; l^ lire 



isicle or allaatois, joining the intestine in tbe cloaca, cl \ 



I'ig. 3,— Traiisversb section (diaobammatic) of the trdkk o» lat Exe 
LIMBS. (Allen Thomson.) 
<n, Bpinal cord ; n, nenral or dorsal an^b, inclnding bone, muscle, skin, roots of the nerves, &c. ; 
eh, chorda dorsalis, surrounded by the vertebral body or centrum ; v, ventral or viscBtal arch, or wall 
of the body ; p, p, body cayily ; i, alimentary canal ; k, heart ; J, J, the rudimentary limbs. 

Fie. i- — FlBSI DORSAI, TEBTGBRA WITa THK FIB9T RIB AND OPPEB FART OF TBE STEBNCM, SIEH mox. 
ABOVE. J. 

C, centrum ; N, neund c*vity i 7, cavity of tha chest, visceral cnvity. 
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booome greatly obsoored* To the original segments in the embryo the terms protovertehrtBj 
ineiohlastio somites or myotomes have been applied ; those s^ments or metameres whioh are 
traceable in the adnlt are often spoken of as vertebral segments. In the limbs, although there 
is strong reason for believing that they have originated as outgrowths of certain segments of 
the trunk, the repetition of suoh vertebral elements, and their primitive oonnection, are 
greatly obscured. 

Homology. — ^A certain agreement in structure, situation and connection of 
parts or organs constitutes what is called homologyy and this term is generally 
employed to indicate the morphological identity of representative parts in diflferent 
animals, which may be considered to have its cause in community of origin {homo- 
genij, Lankester), while the anatomical correspondence of parts which are repeated 
in the same animal may be more exactly distinguished as serial homology (homo- 
dynamy, Gegenbaur). Thus the arm-bone or humerus of a man is homologous 
(homogenetic) with the upper bone of the fore limb of a quadruped, or of the wing 
of a bird, while it is at the same time serially homologous (hemodynamic) with the 
thigh bone of man himself, or any other vertebrate animal. It has farther been 
found convenient to express by the word analogy that kind of resemblance among 
the organs of animals which depends upon similarity of function, and although it 
may be accompanied by considerable agreement in structure, yet is not rendered 
complete by anatomical relation and connection : for example, the gills of a fish, of 
a crab, and of a mussel, serving the same function, are analogous organs, but in no 
sense homologous, as all morphological correspondence, or genetic relation, is wanting 
between them. Thus also, the upper limb of a man, the fore limb of a quadruped, 
the wing of a bird, and the pectoral fin of a fish are homologous but not analogous 
structures, the wing of a bat and the wing of a bird are both homologous and 
analogous, while the last is analogous to but not homologous with the wing of an 
insect. 

Symmetry of form. — ^A remarkable regularity of form pervades the organi- 
zation of certain parts of the body, especially the whole of the limbs, the head and 
neck, and the framework, at least, and external walls of the trunk of the body. 
Thus, if we conceive the body to be divided equally by a plane which passes from its 
dorsal to its ventral aspect {median plane), the two halves, in so far as regards the 
parts previously mentioned, correspond almost exactly with each other, excepting by 
their lateral transposition, — and the human body thus shows in a marked manner 
the character of bilateral symmetry. There is, however, a departure from this 
symmetrical form in the developed condition of certain of the internal organs, such 
as the alimentary canal from the stomach downwards, the heart and first part of the 
great blood-vessels, the liver, spleen, and some other viscera. 

Descriptive terms. — In the description of parts so numerous, so various in 
form, and so complex in their connections as those composing the human body, there 
is difficulty in finding terms which shall indicate with sufficient precision their 
actual position and their relation to the rest of the organism. This difficulty is 
farther increased by the exceptional erect attitude in which the trunk of the human 
body is placed as compared with the horizontal position in animals. Hence, a 
number of terms have long been in use in human anatomy which are understood in 
a technical or restricted sense. For example, the median plane, already referred to, 
being that by which the body might be divided into right and left lateral halves, 
and the middle or median ^ina being that in which the median plane meets the surface 
of the body, the words internal and external are used to denote relative nearness to 
and distance from this plane on either side, and may be replaced by mesial and 
lateral. The terms sagittal^ frontal, and coronal, are also used in indication of 
direction within the body : sagittal denoting a dorso-ventral direction in or parallel 
to the median plane, frontal or coronal a transverse direction perpendicular to that 
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plane. The words anterior and posterior, superior and inferior y and several others 
indicating position, are employed in human anatomy strictly with reference to the 
erect posture of the body. But now' that the more extended study of comparative 
anatomy and embryonic development is largely applied to the elucidation of the 
human structure, it is very desirable that descriptive terms should be sought which 
may without ambiguity indicate position and relation in the organism at once in 
man and animals. Such terms as dorsal and ventral^ neural and visceral, cephalic 
and caudal, central and peripheral, proximal and distal, axial and appendicular, pre- 
axial and postaxial, are of this kind, and Ought, whenever this may be done con- 
sistently with suflBcient clearness of description, to take the place of those which are 
only applicable to the peculiar attitude of the human body, so as to bring the 
language of human and comparative anatomy as much as possible into conformity. 
In many instances, also, precision may be obtained by reference to certain fixed 
relations of parts, such as the vertebral and sternal aspects, the radial and ulnar, and 
the tibial and fibular borders, the flexor and extensor surfaces of the limbs, and 
similarly in other parts of the body. 



EMBRYOLOGY/ 

By E. A. SGHAFEB. 

H— 

F0BMATI019' OF THE BLASTODEBM. 

BTBUOTUBB OF THID OVUM Ain> OHANaSS PBIOB TO SEaMXKTATION. 

The hmnan body with all its tissues and organs is the product of the deyelopment 
of a single nucleated cell, the egg-cell, germ-cell, or ovum, which is formed within 
the principal reproductive organ of the female or ovary. The conmiencement of 
development is preceded by certain changes in the ovum, which usually occur soon 
after its dischai'ge from the ovary, and consist (1) in the emission of certain 
constituents of the nucleus which form the so-called polar globules ; (2) in the 
accession of the nucleus of a sperm-cell or spermatozoon, which is formed within the 
reproductive organ of the male (testicle), and which, blending with the remaining 
part of the nucleus of the ovum, appears to take the place of the part which was 
discharged in the form of the polar globules. 

An account of the structure of the ovum, and of the manner in which the above 
changes are effected, may therefore appropriately precede the description of the 
actual course of development of the ovum. 

Structure of the ovarian ovum. — The human ovum resembles that of all other 
mammals (with the exception of monotremes) in its minute size. Immediately 
before the time of its discharge from the Graafian follicle of the ovary in which it 
has been formed, it is a small spherical vesicle measuring about -rirth inch ('2 mm.) 
in diameter, and is just visible as a clear speck to the naked eye. When it is 
examined with the microscope, it is found to be invested by a comparatively thick, 
clear covering. This, when the centre of the ovum is exactly focussed, has the 
appearance in optical section of a clear girdle or zone encircling the ovum (fig. 5), 
and was hence named zona pellucida by von Baer (1827). But on more careful 
examination with higher magnifying powers, and especially by the examination of 
sections, there is not much difficulty in making out the existence of strisd passing' 
radially through the membrane (fig. 6, zp). On this account, and especially since a 
similar radially striated membrane forms a characteristic part of the investment of 
the ovum in many animals belonging to widely different classes, it is more convenient, 
in place of the name zona pellucida, which has been exclusively used to designate 
this investment in mammals, to employ the more general term zona radiata^ or to 
speak of it simply as the striated membrane of the ovum. 

The zona radiata of the manmialian ovum is sufficiently tough to prevent the 
escape of the contents of the ovum, even when subjected to a considerable amount 
of pressure. If, however, the pressure be excessive, the tunic splits, and the soft 

^ It is mainly owing to the researches of His, published principally in the important monogi-apb 
'* Anatomie menschlicher Embryonen '* (Leipzig, 1880-1885)« that our knowledge of the development of 
the human embryo is now far more complete than was the case when the last edition of this work was 
undertaken, and we are therefore able to keep more closely than was before possible to the human 
species in following the course of dcTelopment of the ovum. For the elucidation, however, of many of 
the details of development, especially in its earlier stages, it will still be necessary to refer continually 
to facts which have been made out only from the study of the embryology of other mammals, as well as 
birds, reptiles, fishes, and even invcrtebrata. 
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oontentB are extraded (fig, 5, b). The strite in the membrane are believed to 
be minute pores, and are supposed, while the orum is yet within the Graafian 
follicle, to permit the passage of granules of nutrient material into the interior of 
the ovum. After the ovum is discharged from the follicle, the spermatozoa may 
perhaps find their way into the ovum through these pores. According to Retzius 
the pi-otopliism of the ovum is united with the follicle-cells by fibres which paBS 
through the pores of the zona. 

ImiaediEitely aurroundin^ the zona radiata, as the OTnm lies within the matare GmcficD 
follicle, IB a thin strattim of Knumlar subBtoiice, probably deposited upon the ezterior of the 
OTDm by the innermost oells of the diwnia proUgecua. which immediately encircle tho ovam 
within the follicle. When the Graafian follicle burate and the ovam ia aot free, this (granular 
material appears to imbibe water, and, as it specially noticeable in the ovum of the rabbit, 
swells up into a clear gelatinous envelope, which has been termed, from a possible homolotry 
with the white of the bird's ef^g, the albumen. But in t^e mammal this Btmcture has not 
the natritive importance to the embryo which is pagsegsed by the oorrespondiikff formation 
in the bird, and it disappeaia during the passage of the ovum down the Fallopian tul)e. 

The substance of the ovum within the tuuica radiata is known as the vitellus 
or yolk (fig. C, ri). It is a soft eemi-flnid substance, composed mainly of proto- 
plasm, which is filled with globules and granules (yolk-grannles) of dilTer.'nt 



Fig. S.— Ovarian ovum or a UAnciriH. (Allen ThatnEon.) 

i>, the entire ovdiii, viewed onder praumre ; the jjtanular c«lls have been remnved from the ouUjr 

■arface, tbe germinal vesicle in seen in the yolk subetiLnce withiii ; b, the external coat or lona bunt by 

increased pressure, the yolk protoplasm and the germinal vesicle having uscaped from within ; e, gonni- 

nal resicJc mure freed Cram the yolk sobslance. la all oE them the umciiln is seen. 



r, vitelluB, ronad which a delicate membnne is 

sizes, but all small, and possessing a high index of refraction. Examined in the 

fi-esh condition, the protoplasm between the granules looks perfectly clear and 
structureless, but after treatment with suitable reagents, it may be seen to consist of 
a fine reticulum, which is especially fine and close near the periphery of the ovum, 
and also around the germintd vesicle, at which places the yolk granules are iu k-ss 
amount than elsewhere. The substances which occur within an ovum other than 
the nucleus and protoplasm, may, as in cells generally, be collectively designated 
" dentoplasm " ; they are regarded as furnishing a supply of nutrient matter to thu 
protoplasm during the earher stages of development; 

Ihnbedded in the protoplasmic vitellus, usually eccentrically, is a lai^ spherical 
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nucleus, which was termed by its discoverer, Pnrkinje, the gtrminal veskh.^ This, 
which is about ^^th iQch in diameter, has all the characters of the nucleus of a 
cell. It consists of a nuclear membrtLiie enclosing a clear material or mati'ix, 
embedded within which may be seen strands of karyoplasm, enclosing one or more 
well-marked nucleoli (fig. 6, 171'). Frequently there is but one nucleoliis, which is 
then lai^ and prominent, and has received the name of ijerminal spot (macula ger- 
minaliva, Wagner, 1835). 

There is some doubt whether, before fertilization, there ia another membrane (vitelline 
membrane) encloBing- the viteilus within the zona radiata. The evidence of the presence oi 
anch a membrane is by no meaaa clear, although ite existence has been maintained by verj- 
competent obserrers (v. Beneden, Balfonr), 

The mammalian ovum (that of monotremes alone excepted) differs from that of other 
verWbrates in the reiatively email amount of nutritive material (yolk granules, deutoplasm) 
which is embedded in its protoplasm. In fishes, amphibia, reptiles, and especially in birds, 
the amount of such nntritive material is vastly greaLCi- than that of the protoplasm itself, so 
that the very existence of the latter is obscured in most parts of the ovnm, and it is only in 
.he immediate neighbourhood of the germinal vedcle that the protoplasm can be distinctly 



Pig. 7. — DUOKAX 0? A HOLOBLABTIC (itSCITBAL) OTTTH (A> AND OF A HEROBLASTIO (l 

^ ovi'i.(B). (E. A.S.) 

Only a smalt part ef the latMr is repreeented. The yolk or food material is represeoled in both bv 
clear globulus, which in B are seen Twtl; to preponderate, except in the immediate neigbbourhood of 
ibe geiDiinalTesicla. 

recognized (fig. T, B). It is hers also that, after fertUization, the more active changes in the 
ovnm occur, and it is this part alone in which in the bird and most other oviparous vertebrates 
the procew of division or segmentation of the yoHt and consequent formation of einbryouic cells 
proceeds. Hence these ova are said tn underj^o a process of incomplete sefnnentation, only a 
part of the ovum appearing to undergo development, and they are accordingly termed mrro- 
blaatic to distinguish them from those (like the mammalian ova) in which the yolk or nutri- 
tive material is everywhere in relatively small proportion to the protoplasm, the while of 
which nndet^oes division after fertilization, and partioipatea in the formation of the embryo 
{JailohJattK ova). This email amount of nutritive material in the mammal is obviously 
related to the fact that the mammalian ovum early acquires an attachment to the maternal 
system from which it is then able directly K> derive its nutriment, whereas the meroblastic 
ovum of oviparous vertebrata necessarily contains all the nutriment required by the developing 
bird, reptile, or fish, until it is sufSciently advanced in development to emerge from the e^ 
and obtain food independently. Although, however, the mammalian ovum is holoblastic, it 
is none the less clear, from a comparison of the early stages of its development with that of 
the bird, that t^e ancestors of the mammalia must have had ova of the meroblastic type. 

Balfonr has f lurther conveniently distinpuished between those ova in which there is a Rre.tt 
aocnmulation of nutritive or yolk material at one pole ifdolecHlial ova, as in the bird, 
reptile, and fish amongst vertebrates), those in which the accumnlation of yolk is in the middle 
of the ovnm (centroUcilAal ova, as in arthropods), and thoee in which it is scattered pretty 
equally in small amount throughout the protopUW without any very marked accumulation 

a Mm bird's OTiun in 1825 ; that of msmmnla was Gr^t 



MATURATION OF THE OTUK. 

(aUci/Jial ova, ae in mamniBls, AmphioxuB, echinoderms), 
of arrangemeat of the proto- and dento-plasin witlua the 01 
mining variations in th« process of segmentAtion. 

Matiiratioii of the OTnm. Formatioa of polar glolmlea. — Either before 
its escape from the Graafian follicle, or immediatcl; after, the o^Tim undergoes a 
peculiar change, prejiaratory to, but nevertheless altogether independent of fertiliza- 
tion, which consists of a process of unequal cell-division or germination, and results 
in the extmsion from the vitellus of two minute spherical bodies (fig, 8), which have 

Fig. 8.— OTDM OT TSe babbit FaOH the FALLOflAD Tl-SE, tffELVE' 
HOURS AFTER IHFHEaNATIOK. (BlBuhoff.) 

On the zona a, spermatoioa are Ken, and otheis in the peiivitellinft 
«pace i b, the polar globules. 

been termed the polar globules or directive (orpuacles, 
from a anppoeiLion that their presence determines the 
pole at which the first segmentation will take place 
abould the ovum become fertilized. It is, however, 
uncertain whether there ie any constant relationship of 
this kind, but it is none the less clear that the extrusion 

uf the polar globules is an event of the highest importance for the due development 
of the ovum, since until this has happened the ovum appears to be incapable of 
complete fertilization and segmentation.' What is actually extruded is a small part 
of the nucleus of the ovum, or, to Speak more precisely, two small parts of its nucleus 
in succession, probably surrounded by a very thin investment of protoplasm. Prior 
to this extrusion, the germinal vesicle approaches the periphery of the vitellus, loses 
its distinctness of outline, and after passing through phases which fire charac- 
teristic of H nucleus which is about to divide, does actually undergo a division into 
two, the one part being extruded into a space (perivitelline), which has become 
formed in consequence of the shrinking or contraction of the ovum, and the other 
part remaining in the vitellus, only, however, to repeat the process of division, and 
to form a second extruded globule. The remainder of the germinal vesicle, which is 
now termed the female pro-nuckm, leaves the periphery of the vitellus for a situation 
nearer to the centre, where, if fertilization should supervene, it awaits the advent of 
the male p^o-nuclens, which is formed from a spermatozoon. After the two pro- 
nuclei have come together, a new and complete nucleus is formed by their conju- 
gation. 

The actual formation of polar globnles has not hitherto been observed in the human ovum, 
olthoujub there is no doubt whatever that it takes place. In the rabbit various stages in the 
proceEs have been traced by B, v. Beneden and Bein, and it has aleo been noticed in other 
mammabi. But the details of the process have been made outmost precisely (bf Fol, HertwiK't 
nnd others) in the tcBUBparent ova of echinodenss, and more reoentlj and minutely (by 
ID. V. Beneden, Camoy, Boveri, Zacbarias, and others) in Ascaris me^ralocephala, a thread-worm 
parasitic in the horse, in which all the changes can be followed in one and the some ovDm, 
or the various phases fixed by means of reafrents in different ova, and these may afterwards bo 
stained and studied with the utmost minuteness. The succeasive changes in such ova are 
represented in figs. 9 and 10. The polar globules remain visible for a time in the peri- 
vitelline fluid, and are even seen, should the ovwu become fertilized, during the early stages of 
seijmcntation, but they ultimately disappear and are not known to take any farther part in 
the subsequent changes which the ovum undergoes. 

The fact Chat throughout the whole animal kingdom tiie extrusion of polar globules from 
the ovum as it becomes mature is almost universal, and that a similar process has also been 
observed to occur in plants indicates the great importance of the phenomenon. The signifi- 
cance will be farther discussed after the process of ferUliution of the ovum has been 
described. 

' The OTom may, however, roceive a spenuBtoiaoa before the compIetioD of the fonnation of polar 
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Fig. 9.— PoBiiiTioii 



(Y. UehuohteD.) 
.0 tiansfotmed into a epindle of (achroniatic) fibrils : frani the 
a llie prDb}|jla!im. At tbe e<iuntor of the spindle eight 



A. The OTum Kitb the germinal v. 
lioles c( tho spindle other fibrils rai 

jiortions of chrornntiu are visihle ; a, head of & E|>eEiu:iLuiooD wuicq uak pre^ 
and is bocominj! tranafornieJ into the male pro-nncleua ; m, ijelatinous inembrt 

B. The ebromntin particIeB are Been separoted into two seta. The Hchronii 
in this preparation. The ovum is consideiably BbnnikeD. 

C. Half of the germinal vesicle is extruded into a perivitelline space, an 
protoplasm is becoming separated off from the orum as a polar globule. The extrudt-d half itieludcs 
foar of the efaromatin particles ; the other four remain in (Jie ovum ; m', membrane dividing the polar 
globule from the uviiin. 



itic fibrils ate not shown 
d along w 




Fig. 10.— FoaKiTloB or 

IN ASCiBlS HBOiLOCKPHJH (Camo)'.) 

A. The remainder of the germinal vesicle (after 
extrunion of the £nit giobule. 3') has again become 
traneCormed into a spindle of achromatic fibrils, 
with the four remaining chromatin particlea at the 
equator of the spindte. 

It. Thespindlo.nowirregularly Y-shaped, is seen 
ap|>raaching the surface of the ovum ; g', first polar 
globule ; ni, male pronucleus which hna become 
formed from a spermatnioon. 

C. Bxtmaion of half oE the germinal vesicle 
remainder. 

D. Completion of the process ; the sec'-nd polar globule, ^, is now separated from the ovo 
contains two of the chromatin particles. The other two remain In what is left of the germinal vi 
n^ whirh nov forms the female pionueleus ; m, male pronucleus ; ?', fint polar globnte. 



FEHTILIZATION. 11 

Fertilizatioii The oTnin, after its expalBion from the Graafian follicle is 

received upon the fimbriated end of the Fallopian tube. The fimbritB are covered by 
a prolongation of the ciliated lining of the tube, and the action of the cilia serves to 
propel the minute ovum into and along the tnbe towards the uterus. In this 
pass^e it may, if impregnation have occurred, meet with the spermatozoa, one or 
more of which may penetrate the zona pellucida, and fertilize the ovum. It is 
possible in some instances for fertilization to occur on the fimbriated extremity of the 
tube, or in the body of the uterus, but it is probable that in most cases it happens 
in the tube itself. 

It ia probable ttiat normally odI; a single Bpermsitazoon enters the ritelliiB. If it should 
httppen th>t two or more enter, normal development does not as a rule occnr. ExoepUons to 
this rule bave, however, been recorded. 

The changes in the OTnm which accompany fertilization have, like those which 

result in the formation of the polar globules, been studied most satisfactorily in the 
transparent ova of echinoderms and in Ascaris. In the former (fig. 1 1) the spennatozon 
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I, spermatozDan ; m.pr, male pronuclens ; fpr, female pronaclenx. 

1. AccesaiDD of u spertnalaioan to the peripber; of the Titellus ; 2. Its penetration, and the radial 
diaposition oE thf ritelline granules ; 3. [information of the head of the spennatonwn into tbe mole 
pronncleus ; i, 6. Blending of the male and female pronuclei. 

may be seen to penetrate the gelatinous investment which here takes the place of a 
zona pellucida, and the head, of one only as a rule, to imbed itself in the periphery 
of the ovum, which becomea slightly protruded at the point of contact. According 
to V. Bencden's account, the spermatozoon always enters in Ascaris at a particular 
part of the ovum {polar disc), at which part; there is an aperture in the vitelline 
membrane (micropjle). "When once it has passed into the ovum, this aperture 
becomes closed, and the head of the spermatozoon rapidly increases in size, and 
acquires the appearance of a nucleus which, in contra-diatinction to the remains of 
the germinal vesicle, or female pro-nucleus, is termed the male pro-nudeus. Soon 
it leaves the periphery, and passes towards the centre of the ovum in the direction of 
the female pro-nucleus. In its passage through the protoplasm it appears to exer- 
cise a peculiar attraction upon the grannies in that substance, for these become 
arranged in its vicinity in radiating lines. The tail of the spermatozoon 
has in the meantime disappeared, whether by being cast off or by blending with the 
protoplasm of the ovum has not certainly been made ont. As the male pro-nucleus 
approaches the female pro-nuclens, the latter moves somewhat to meet it, and pre- 
sently the two pro-nuclei come into contact and together fonn a new nucleus,. com- 
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fertilization: 



plete in all its structure and functions. With the blending of the two pro-nuclei 
the act of fertilization is completed, and the OYum is now capable of forming 
new cells by division. Since the head of the spermatozoon is formed from the 
nucleus of a seminal cell, part of which appears to be thrown off prior to the com- 
plete maturation of the spermatozoon (Eenson, Brown), and the female pro-nucleus is 
the nucleus of an egg or germ-cell, part of which has been removed in the form of the 
polar globules, the process of fertilization may be described as consisting esseutially 
of the conjunction of part of the nucleoplasm of a sperm cell with part of the nucleo- 
plasm of a germ cell, the result being the productiofl of a complete nucleus endowed 
with active properties of division and reproduction. 

Although, as has been already stated, the changes which have just been described are most 
clearly to be seen, and have been most completely gt^udied, in the ora of echinoderms and 
Ascaris, similar processes have been found to occur in most if not in all animals, and have 
even been made out, although not very distinctly, in mammals (in the rabbit by v. Beneden). 
There is no doubt, therefore, that the phenomena of fertilization are etisentially the same 
throughout the whole animal kingdom. As to the exact details of the process there is still 
much discrepancy in the accounts given by recent observers. Of all those that given by 
V. Beneden of the process of fertilization, and of the subsequent division of the resulting 
nucleus in Ascaris, is the most explicit, and appears to negative the idea of a complete fusion 
taking place between the elements of the pro-nuclei, at least so far as the chromatin is concerned. 
According to this account (v. fig. 12), each of the two pronuclei is seen to possess, previous to their 
conjunction, two short chromatin rods {chromosomes) imbedded in clear nuclear matrix. These 
rods undergo various changes, resulting in the formation of a skein within each pro-nucleus 
(II., III.)» hut eventually the skein resolves itself into two V-shaped loops or filaments (IV., V.). 
On conjunction the matrix of the two nuclei may appear to blend, although it is doubtful if 
they actually fuse together, but the chromatin filaments retain their distinct individuality. 
The nucleus which is thus formed by the conjunction, contains, therefore, four similar V-ehaped 
chromatin filaments, which now split lougitudinally (VI., VII.), and after being arranged for 
a time at the equator of the now spindle-shaped nucleus (VIII.), four of the resulting filaments 
pass towards the one x>ole, and form eventually the chromatin of the one daughter nucleus, 
and four towards the other pole, eventually foiming the chromatin of the other daughter 
nucleus (XI., XII.). It is stated by v. Beneden that of each set of chromatin filaments, or 
chromosomes, which thus separate from one another, one half the number is derived from the 
male and the other from the female pro-nucleus. If this is the case, and if it should further 
be shown that in every subsequent process of division of the resulting cells, the chromatin 
filaments of the daughter cells are derived half from male chromatin filaments and half 
from female, it necessarily follows that every cell nucleus must be regarded as containing 
both male and female morphological elements. 

Meaning of the polar globules. — Theory of Mlnot. — The question of the hermaphroditism 
of cells was first raised by 0. S. Minot in connection with the separation of the polar globules. 
According to the view advocated by Minot, every cell which results from the division of a 
fertilized ovum is hermaphrodite, for the fertilized ovum is formed by the union of both male 







Fig. 12. — Formation akd conjuqaiion of the pro-nuclei in ascaris uegalocephala. 

(E. V. Beneden.) 

/, female pronucleus ; m, male pronucleus ; jp, one of the polar globules. 

I. The second polar globule has just been extruded ; boUi female and male pronuclei contain two 
chromatin particles ; those of the male pronucleus are becoming transformed into a skein. 

II. The chromatin in both pronuclei now forms a skein. 

IIo. The skein in the pronuclei is more distinct. Two attraction-spheres, each with a central 
particle, united by a bpindle of achromatic fibres, have made their appearance near the pronuclei. The 
male pronucleus has the remains of the body of the spermatozoon adhering to it. 

III. The pronuclei are enlaiged ; the skein fonuation of the chromatin is complete. 
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lUa. Oalj the female pronucleaa is shown in this Egure. The sheia of this is coatrad«d and 
tbicheneil. The attraction- epberes are near one aiiJe of tbe oTum. and lire connected vith ita periphery 
by a cone of fibres forming a polar circle jj.e. ; t.e. equatorial circle. 

lllb. The pronuclei have approacheil one another, and the spindle- system is now arranged across 

IV. Contraction of the skein and formation of two V-shaped chromatin Glamenta in each pronucleus. 

V. The V-shaped chromatin Slaments are now gnico distinct ; the male and female pronuclei are in 
close conta<;t. 

VI., VII. The V-shaped filaments are splitting longitudinally ; their structure of fine granules of 
chromatin is apparent in VII., which is more highly magnified. The conjugation ot the pronuclei is 
apparently complete in these figures, hut according to t. Beneden's description, tbe ontlincs of botli 
can, nuder favourable conditions, be still made out. The attraction spheres and achromatic spindle, 
although present, are not shown in IV., V., VI. and VU. 

VIII. Equatorial ariangenient of tbe four chromatin loops in the middle of the now elongated orum ; 
the achromatic substnnce forming a spindle-shaped system of grannlea with fibrils radiating from the 
poles ot the spindle (attraetion -spheres] into the protoplasm ; commencing divieioD of the ovum into 

IX. Shows diagrsmmatically tbe commencing sepanLtion of tbe chromatin filaments of the con- 
jugated nuclei, and the system of fibres radiating froui the attraclioa -spheres, p.c. polar citcle ; 
e.c. equatorial circle ; c.c. central particle. 

X. Further separation of the chromatin filaments. Each of the central particles of the attraction- 
■pberea has divided into two. 

XI. The chromatin filaments are becoming developed into the skeins of the daughter nuclei. These 
an atill united by achromatic fibres. The protoplasm ot the ovum is becoming divided. 

XII. The daughter nuclei exhibit a chromatin networh. Each of tbe attraction -spheres has divided 
into two, vhich are joined by achromatic fibres, and are connected with the periphery of the cell in 
the same manner as the parent sphere ihawn in IIIo. 
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and female elements, and every one of its descendants must also contain a certain proportion 
of each« For the sexual conjupration of two cells it is assumed to be necessary that the one 
should get rid of the male elements, and retain only the female, and that the other should be 
exclusively male. This is effected in the one case, according to Minot, by the extrusion of the 
polar globules, which, in this view, represent the male element of the originally hermaphrodite 
generative cell, so that when they are extruded this remains wholly female ; in the other case 
there is also a separation, and the separated part becomes disintegrated, leaving only the male 
portion, or spermatozoon — the separated part in this case represents, therefore, the female 
clement of the generative ceU. 

Theory of Weismann. — ^Minot*s theory was adopted by Balfour, who looked upon the 
formation of polar cells as having been acquired by the ovum for the express purpose of pre- 
venting parthenogenesis. According to this view no polar globules should be formed in parthe- 
nogenetic ova, and it was believed by both Minot and Balfour that they would not be found 
to occur. It has, however, since been discovered by Weismann and Blochmann that parthe- 
nogenetic ova do extrude one polar globule, although the ordinary ova of the same animal 
extrude two. 

It is clear that this fact renders a modification necessary in the view advocated by Minot 
and Balfour. Such modification, or substitute, as it may perhaps more appropriately be 
termed, has been furnished by Weismann in his theory of heredity ( Vererlmngttlieorie), This 
theory assumes that every animal and vegetable cell contains two different kinds of Uving 
substance. These are termed by Weismann the nuclear plasma and the ntUritive pUutnui, The 
former is endowed, with germinative, directing and hereditary functions, the latter with 
assimilation of food and the more purely physical functions (contraction, nerve-conduction, 
secretion, &c.), but these functions are assumed to be carried out under the direction of the 
nuclear plasma. The nuclear plasma is further supposed by Weismann to consist of two sub- 
stances, viz., a germinal plasma which is the primitive form, and which alone is endowed with 
heredity, and a histogenetio plasma which has been derived from the germinal plasma, and which 
controls the division, growth, and differentiation of the celL Fertilization consists in the 
bringing to the ovum of a certain amount of germinal plasma from a different individual, 
and Weismann assumes that it is necessary for the ovum, prior to fertilization and develop- 
ment, to get rid both of its old histogenetio plasma and of so much germinal plasma as may 
be brought to it by the spermatozoon, and that it effects this by the extrusion (1) of one 
(histogenetic) polar globule, (2) of the other (germinal) globule. If this is what happens, the 
primitive or germinal plasma is never wholly eliminated from the ovum, so that it may be 
looked upon as transmitting all the accumulated ancestral characters which have been derived 
from the vast number of its predecessors. A portion is, however, got rid of in the form of 
the second polar globule, and what remains is not necessarily of quite the same constitution in 
every case, nor is the portion of germ plasma brought by the spermatozoon necessarily always 
similar : these differences in the germinal plasma of the fertilized ovum may account, accord- 
ing to Weismann, for the individual differences which occur in the progeny.^ 

Weismann and Ischikawa have shown that in some animals the segmentation of the ovum 
may have advanced through one or two stages before the entry of a spermatozoon. In this 
case the spermatozoon (male pro-nucleus) blends with the nucleus of only one of the cells 
which have resulted from the segmentation. Probably the sexual oells are the ultimate result 
of this conjugation. 
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SBGMENTATION OF THE OVDM. 



S^mentation of tlie ovum. — 'Immediately after the completion of the proceES 
of fertilization, the ovmn begins to ebow signs of division into two cells or segments. 
The division is preceded by the formation of a spindle-shaped Bystem of afliromatic 



son a.fter E. r, Beaedea's description.) 

i.p, eooB pellUL'ida ; p.gl, polu glofaulea ; a, divieion into two segments ; eel, larger and clearer 
Begment ; eiii, sniHller, more gisnular segment ; b, Etuge of four segments ; e, eight segmente, the ecto 
meres partittll; encloaiiie the entomeres ; d.e, succeeding stages of segmsntstion lowing the more rapid 
division of the clearer segments and the enclosure of the darker segments bj them. 

fibres and by changes in the nncleos which are similar to those which take place in 
the division of an ordinary cell (v. Histology). According to v. Beneden's obsen-a- 
tions in Ascaris these changes occur in each of the two pro-nuclei (fig. 12), and 
one-half the number of resulting V-shaped filaments then passes from each to form 
each daughter nucleus, which thus contains male and female chromatin elements in 
equal amount. Each of the two segments which are thug formed speedily again divides 
in the same manner, bo that fonr cells or segments now occupy the interior of the ovum. 
By a further process of binary division eight cells are formed, then sixteen, thirty-two, 
and 80 on until the originally simple ovum is eventually subdivided into a large 
number of small segments, each of which is a nucleated cell, which are aggregated 
into a solid spherical mass, not much lai^r than the original ovum, and known as 
the mulbenij mass. The cells are not similar thronghont, for those at the surface 
are clearer and less gnmnlar than those which occupy the interior of the mass. 
According to v. Beneden's observations in the rabbit and bat, this difference in the 
appearance of the cells is traceable even in the first pair of daughter cells, one of 
which is larger and clearer than the other, which is darker and more granular (fig. 
13, a)^ The cells or segment* which result from the division of each of these retain 
their respective characters, and since the clearer cells divide eomewhat more rapidly 
than the darker ones, there are for a time at certain stages of the process of segmen- 
tation more of the clear cells ; thus, at one stage there are eight clear cells, and only 
four darker ones, the latter having not yet undergone division, and later there arc 
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sixteen clear cells and only eight darker cells, for the same reason. Farther, it ia 
found that as the segmentation proceeds the clearer cells occupy tbe superficial part 
of the ovum and almost entirely enclose the granular cells which fill the interior 
(fig. U,a). 

The ovum next andei^;oes a rapid increase in size owing to the segregation of 
fluid between the clear superficial layer of cells and the enclosed granular segments, 
which thus become separated from one another except at one part (fig. 14, b). At the 
same time the superficial cells multiply, and, becoming flattened out like a pavement 
epithelium, form a membrane enclosing the contained fluid. The ovum is now a 
thin-walled transparent sac, occupied by fluid and enclosed by two membranes, one 



Fig. 14.— Smotioas o 



(K ». Beneden.) 



liicb fluid i 







. . r aLd onl«r cells, the former com- 

pUlelj eaclosed ; «, the fluid has much increased, 
BO that a large space sepamtes inner from outer 
c«11b except at one part ; d, blaalfldermin leaicle. its 
wall farmed of a layer of flaltened celta, with a 
patch of dikrk granular cells adhering to it at one 
part; i.p., lona pellucida. 

being the thinned-out zona pellacida and 

the other the epithelial membrane just 

mentioned. Adherent to one part of the 

inner surface of tliia membrane is the 

little mass of dark granular cells which formerly occupied the whole interior of the 

mulberry mass, and these cells give to the part of the ovum where they occur a 

darker appearance, when it is viewed by transmitted light. At this stage of 

development the ovum has been termed the blastodermic vesicle (fig. 14, c, d), 

although the actual blastoderm is not yet formed. 

Frnmation of Vb» blaatoderm. — Soon tbe grannlar cells are found to be no 
longer accumulated into a small mass hut to be spreading out in the form of a 
lencicnlar patch over the inner surface of the vesicle. As this extension proceeds 
the innermost cells separate off as a distinct layer, the separation starting from 
the centre and progressing outwards. 

A section through the middle of the ovnm now shows three layers (fig. 15) : an 
outer, which is the epithelial membrane of the bisstodermic vesicle (Eanber's layer); 
an inner, which may be termed the primiiive entoderm, from the fact that it becomes 
the innermost layer of the blastoderm, and an ill-defined middle stratom of somewhat 



18 



FORMATION OF THE BLASTODERM. 



granular cells, which represents the remainder of the inner granalar mass of the 
blastodermic vesicle after the separation of the subjacent layer. The three 
layers were believed by v. Beneden to represent the three permanent layers of the 
blastoderm. But it has been conclusively shown (by Rauber and Eolliker in the 
rabbit, and by Lieberkiihn and Heape in the mole) that the middle stratum of this 
stage of development is not the permanent middle layer of the blastoderm, for it is 




Fig. 15. — Section or part of thb blastodermic vesicle of the rabbit at six days. (From 

£. van Beneden.) 

a, upper layer (Ranbcr's cells) forming with 6, the primitive ectoderm ; c, primitive entoderm. 

zp 




Fig. IG. — A section through part of a bilaxinar blastoderm of the cat. (E. a. S.) 
ect^ primitive ectoderm ; etU, primitive entoderm ; 2.j)., thinned-out zona pellacida. 

before long converted into a layer of columnar cells which becomes closely applied to, 
and soon blends with, Rauber's layer, so that the two now form but a single stratum, 
which may be denominated ih& primitive ectoderm, 

Kolliker describes the cells of Rauber's layer as undergoing a kind of atrophj and gradual 
disappearance, taking no part in the formation of the primitive ectoderm. The observa- 
tions of LieberkUhn and Heape, on the other hand, tend to support the view which has been 
given in the text. 

Both layers, bub especially the primitive ectoderm, are somewhat thickened near 
the middle of the ovum over a circular or oval area, which appears slightly darker 
than the rest of the ovum when this is viewed by transmitted light : it is known as the 
embryonic area (fig. 17). The entoderm does not for a long time form a complete invest- 
ment to the blastodermic vesicle, for as we have seen it commences to form near the 
centre of the ovum, and only gi*adually grows round within the epithelial investment, 
so that it terminates peripherally by a free border. In most mammals which have 
been investigated, it has not completely enclosed the ovum when the mesoblast has 
begun to form, but in the cat its growth appears to progress more rapidly, so that, 
for a time, the blastodermic vesicle has two complete and distinct epithelial invest- 
ments. "Whether complete or incomplete, the two layera together constitute what is 
known as the hilaminar blastoderm (fig. 16), the formation of which marks a distinct 
stage in the development of all the metazoa. 

But the blastoderm does not long remain in the bilaminar condition. In the rabbit 
and mole, and probably in most mammals, long before the primitive entoderm has 
completely extended itself around the ovum, there occurs a considerable thickening 
of the primitive ectoderm at one end — the posterior— of the somewhat oval embryonic 
area. This thickening has at first a crescentic form, with the concave edge looking for- 
wards, and from the middle of this edge a longitudinal thickening extends for a certain 
distance towards the centre of the embryonic area. The thickening is produced by a 
proliferation of the cells of the primitive ectoderm, and its consequent downgrowth 
towards the primitive entoderm, and it is visible when the ovum is viewed from 
above by transmitted light, as a streak or shadow which is known as the primitwB 
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$lT«ak (figs. 18, 19). Almost as soon aa the primitive streak has become folly formed, it 
maj be obeerred to be scored along its length, except at the anterior end nhich is that 
directed towai'ds the centre of the embryonic area, by a narrow groove — the 
primitive groove. The proliferating primitive ectoderm comes into close relationship 
below this groove with the primitive entoderm, and the two may be partly or 



Fig. 17. — EUBBTOiriO abba or XOLB I1IHID1AT*LT trior to APrSABAKCC 



ift a bilaminjir in front, triUminRr in the pccterior half. 



Figa. 17, IS, and 19 ar« copied from Uenpo. Th«y lire magnified J9 times. 

entirely blended, bnt the union is closest at the anterior end of the primitive streak 
where a continaous column of cells nnites the primitive ectoderm and entoderm, 
so that the two layers are here indistinguishable. 

The proliferation of the cells of the primitive streak subsequently proceeds chiefly 
at the sides of the primitive groove, and the cells which are produced by this proli- 
feration extend themselves laterally between the ectoderm and entoderm to form a 



Fig- 20, A. and B.— Views of 

EXTIH910IJ or THE SESOBLIST. (Kbilikpr.) 

In A. the meBoblut eitends on either tiAti of the primitivs Etrealc over the posterior part of th« 
embrjanic area and also behind the primitive etrealc bejond the limita of that ares. 

In B. the mesohlast extends over a circalar area which surrounda the embrjonic &rea. The em- 
brjonic area is also trilominai- cicept in the middle line in front of the priniiliie Btreak. 
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third or intermediate layer. Thia is mainly derived, as was first pointed ont by 
K611iker, from the primitive ectoderm of the groove, but since in this sitnation the 
two primary layers become eventn&lly mote or less blended, it is probable that the 
primitive entoderm cells also take part in its formation, although this part is in the 
mammal evidently a subordinate one. It is further maintained by many embry- 





Pig. 22. — LoHoiruMSAL si 

The blastodenn 'a perforated in fraat of the (flhort) pritnit[T« itreak {1 blustopore, blp) ; a few mea 
biMt Mill an seen anterior to the peifontion ; ^, epiblast ; hy, hjrpoblMt ; p.il:, primitiTe streak. 



FiS- 23.— Two BEmOKB ACt^OaS TQK KMBBTOHia XtLtA or A BLABTODIBN AT TBE STAOI SHOWS U 

no. 19. (Henpe.] 

A. Section acrou the anterior end of the iirimitiTe streak nnd grooTe. 

B. Section Bcrote the poelerior enlargement of the primitive streak. The epililaat and Ljpttblaat 
an ge«a to be united along the primitire atreak. p.ik ; laterally the mesobUut, m., the celle of whicli 
ban grown oat from the uniting colamn of aiial c«lls, wpaiatea the tnoprimaij lajen. 

p.ffr, primitive groore ; tp, epihlaat ; Ay, hjpoblast ; m, i 
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Kg. 24.^FonE BTAQU r 



(HaUchek.) 
I the lower pale ua brger than the others, and filled v 



I. Spherical blaatoderm ; the cel[B a 
gnuialea. 

II. Invftgiimlion of the lower pole prodncing a cupping o( the vesicle. 

III. Completion of the invaEioation ; the blaBtoderm a no' bilai 
narrowed moath. the bhulopare, U, aail a doable wall of epiblast, ep, a 
ectoderm and prJmitiTe entoderm). 

IV. The OTum is now elongated ; the cavitj of the gastrula foimii a primitire alimentaiy canal, the 
orifice of which is the blastopore, which is directed dorsallj. Extendiug from this along the dorsal 
surface (right in Ibe figure) s shallow groove a seen in optical section : this is the rudiment of the 
nerrouB system. 

ologists that cells l^oin the lateral parts of both primary layers are added to the 
intermediate layer, and aseist ia ita extension. According to the observBtions of 
Bonnet iii the sheep, there ia an addition to the middle layer from the peripheral 
(thickened) portion of the hypoblast ; this has been long held to be the case with 
the blastoderm of the bird, and tbe cells thus derived (parablastic) have been 
considered to have the special fanctiou of forming the connective tissues and blood. 
Whether, however, this is actually so, must be regarded as at present nndecided. 
However produced, the appearance of a middle layer causes the originally bilaminar 
blastoderm to be trilaminar, and its three layers have received the names of ectoderm, 
mesoderm, and entoderm, or epiblast, mesoblast, and hypoblast. 

The raatmla oondltion of the vertebrate ovtun. — It will be observed that in tlie 
mammal the two primary layera of the blaato ierm, at least thdr principal pnrt. are foimed by 
a separation into two strata of tbe celU of the inner granular mass which oocapisa tbe 
interior of t^e ovnm after segmentation. Tbe bUaminar condition maj thei«fore be «aid to 
leenlt from a process of delamination in an originallj simple moss or Btratam, Bat in 
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Amphiozns amongst Tertebmtes,' and in manj inTert«bratea with holoblastio (alecithal) ova, 
ttie bilaminor blaBtodenn is ptodnoed, not bj delamination, but by tbe invs^nation of ono 
pots of an originally Bimple holloa spherical blOBtodermio veaiole, the inva^inated portion 
becoming Uie primitive entoderm and the remoiniofc part of tbe wall of the reaicle forming 
tlie primitive ectoderm (&g. 24). Tliia condition, which was discovered by Eowalewaky, is 
known as the gattmla ttage.-ani it is regarded by most embryolt^ste, following Haeokel, u 
typical of the mode of formation of tbe bilaminor blastoderm throDgbont the animal kingdom. 
The aperture of invagination by which the cavity oil tbe entoderm communicates for a timo 
with the esterioc has been termed the hlattiipore (Lankester). 

It is not possible in this account of tbe embryolt^j of the mammal (which mast necessarily 
be very short) to examine at any length the evidence upon which the opinion resta that a 
gastruLiL stage can be shown to exist at an early stag'e in tbe development of the meroblastio 
ova of the lower vertebrata. It will be sufflcient for the present purpose to state that in 
flshes, reptiles, and birds, the ova of all of which are of a markedly meroblastic type, that 
part of the ovum in which alone segmentation has occurred, and in which active development 
subeeqnently proceeds, produces a bilaminar blastoderm as in tbe mammal by tlie separation off 
as a distinct layer of a lower or inner stratum of cells to form tbe primitive entoderm, 
whilst the remaining cells arrange themselves into an upper or outer stnitam, the primitive 
ectoderm.' At one part of the circular blastoderm which has thus been formed there now 
ooonrs a cresceutic thickening of the ectoderm, on the surface of which a pit or depression 
becomes formed by an invagination of the ectoderm. This pit extends inwE^ds until it abuts 
against a subjacent entodermal thickening, and it may even penetrate the entoderm and 
communicate with the cavity below the blastoderm (which aft^wards becomes in port con- 
verted into tbe posterior end of the alimentary canal). The invagination in question has been 
regarded as a rudimentary blastopore, its time of formation having become shifted to a later 
period, and tbe entoderm having already been formed by delamination altogether independently 
of, in plaoe of resnlting from, the invagination, as in tlie typical mode of gastrula formation. 

In the mammal a similar invagination of tbe ectoderm also occuis at the posterior extremity 
of the embryonic area, and this invagination has been described by Heape in tbe mole as 
a timewith the caiityof tbe blastodermic vesicle (Gg. 22, Mp), which sub- 
Fig. 25.— SuFFiCl VIKW OP 



OPKNINQ or TBE OBLlttDE HIDRIKTEBIC Q^Vkh. (HeBpS.) 

seqnently becomes converted in part into the alimentary canat 
In birdsand reptiles as well as mammals the invagination in 
question soon becomes extended forward along tbe middle line 
of tbe blastoderm as n linear groove (primitive frroove), which 
indents an ectodermal thickening (primitive streak), and it 
the posterior invagination represents a blastopore, this 
groove mast be looked upon as an extension of such blas- 
topore, a view which derives support from tlkO fact that 
there appears to be a tendency for the primitive groove, at 
least its anterior end, to penetrate to tbe entoderm, and thns 
to form here also a canal of communication between the cavity 
below the entoderm and the exterior. Suoh a canat is desig- 
nated " neurenterio," because the anterior end of the primitive streak and groove becomes 
eventually enclosed by tbe neural tube, and the canal then effects a (temporary) communica- 
tion between tbe nenra! tube and the ent«ric canaL 

Another important point of re«emblance between this invagination and tbe blastopore of 
the typical gastrula is the fact that the middle layer of the trilaminar blastoderm begins to 
develope from tbe margins of the invagination. But in this respect ai;ain there is a differ- 
ence, for whereas in the simplest and most typical forms, such as Sagitta amongst invertebrates, 
and Amphiozns amongst vertebrates, the middle layer (mesoblast) originates as a pair of hollow 
protmsioDS of the primitive entoderm (cixlom -invaginations of Uertwig', figs. 21), 29) ; in 
inam "^'''l'' and birds it makes its first appearance in tbe form of solid outgrowths from tbo 
primitive streak.' 

Other views conceminK the Kaatrulation of v^rtebratea.— Enpffer r^ards tbe put 

I Also, according U> Hofmann, to Eome extent in elasniobninch fishes. 

* No layer corrBSponiling with Hauber's lajer of tbe mammal is kaowu to 
unless that layer is to be leganlcd as the homotogiie ol the external (comeoi 
which is found at a later stage in fiabea and amphibia. 

" BBckert has described an imperiect form of ccelom-inYBgination iu elasmobraiicb Gshts, and 
Hertvig in amphibia. 
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which has been above alluded to as invagmated ectoderm (primitive groove) as the homologfue 
of part of the entoderm of more typical forma If this view be correct, many of the difficulties 
in the way of regarding the aperture of the invagination as the blastopore, and in explaining 
the differences in the mode of origin of the mesoblast are removed ; but, on the other hand, 
other difficulties are introduced, and the subject is left by no means clear. 

Another view, which was formerly extensively held, regards the blastopore of the meroblastic 
vertebrate ovum as bounded by the thickened edge of the bilaminar blastoderm (Haeckel). 
According to this view, the cavity of the gastrula is entirely filled up by a mass of 
unsegmented or but partially segmented yolk, which also projects for a considerable distance 
through the blastopore, forming in fact the great mass of the ovum. The primitive groove 
is regarded as a linear prolongation of this thickened edge of the blastoderm towards the 
centre of the blastoderm (Balfour), so that the embryo, which developes in front of the 
primitive streak, thus comes to have a pseudo-central position in the blastoderm instead 
of developing altogether from its margin as in the lower vertebrata and in inverte- 
brates. In conformity with this idea, it may be noted that at the thickened rim of the 
blastoderm of these meroblastic ova, the two primary layers are continuous with one another 
as in the primitive streak. In elasmobranchs an intermediate condition is observed, viz., a 
short groove, the margins of which are freely continuous with the margin of the blastoderm. 
If, as His and others have described (vide hifrd)^ the mesoblast is in part (vascular 
and connective tissue part) derived from the thickened rim of the blastoderm, this would 
furnish another point of resemblance between the primitive streak and that margin. 

Ed. V. Beneden has promulgated an entirely different opinion as to the mammalian blasto- 
pore from those above described. He regards the condition of the ovum, after the completion 
of segmentation and before the formation of a blastodermic vesicle, as representing the 
gastrula stage, and looks upon the point where the granular inner mass of cells comes to the 
surface between the clear cells which form the outer investment as the blastopore (fig. 14, a). 
In conformity with this view he considers the layer of clear cells to represent the whole of the 
primitive ectoderm, and the granular inner mass the primitive entoderm. But since all the 
more recent observations upon early mammalian ova agree in affirming the formation of 
the three blastodermic layers from the granular inner mass, and that Rauber*s layer either 
takes no part at all, or only a subordinate part in the formation of the ectoderm of the 
embryonic area, v. Beneden's view, in spite of the superficial resemblance of the ovum at 
this stage to certain gastrula forms, has not met with general acceptance from embryologists. 

Inversion of the blastodermic layers in some mammals. — In the guinea-pig 
(Bischoff), rat and mouse (Fraser, Selenka), and in some other rodents, an inversion of the 
usual position of the blastodermic layers is found to occur, the epiblast being innermost, 
the hypoblast outermost. The foundation of this inversion is laid early by a process of 
invagination and formation of a central cavity in the mass of entomeres, so that when the 
blastoderm is differentiated, the innermost cells which are next the (secondary) cavity thus 
formed become the epiblast, and the outermost the hypoblast, the mesoblast subsequently 
forming between the two by proliferation of epiblast at the primitive groove, as in other 
mammals. (For details as to this process of invagination, the student is referred to the papers 
by Selenka.) 

Historical. — The existence of several laminao in the germinal substance of the e,^^ was 
first suggested by C. F. Wolff in his celebrated work Thearia GeneratianiSj published in 1759, 
and in his later Memoir On tJie D&velopment of the Intestififi, first published in Nov. Comment. 
Acad. Petropol. in 1767 and republished in German by J. F. Meckel in 1812. It is, however, to 
the researches of Pander, conducted under the direction of Dollinger of Wiirzburg, and pub- 
lished in 1817, and those of v. Baer (1826-1837), that we owe the first consistent attempt to 
connect the development of the several organs and systems of the embryo with the different 
constituent parts or layers of the blastoderm. Pander recognised a trilaminar structure of the 
blastoderm and distinguished the three layers composing it, in their order from above down- 
wards, or from without inwards in the egg, as the serous, vascular, and mucous layers. 

In 1850-54 a further important advance was made in the knowledge of the constitution of 
the blastodermic layers, by the discovery by Remak that the greater part of the middle layer 
Hoon after its formation comes to be divided into two laminsB, separated by a space which 
corresponds to the perivisceral cavity (cwlam) — a fact which had been partially stated by von 
Baer. So marked a division of the middle layer and distinction of the parts which are 
afterwards developed from its two laminss, has seemed sufficient to some authors to waiTant 
the recognition of four distinct layers in the blastoderm ; but it will be found on the whole 
more convenient to consider the fundamental layers as only three, to which, following the 
nomenclature of Foster and Balfour, the designations of epiblast, mesoblast, and hypoblast are 
applied, terms which are synonymous with those of ectoderm, mesoderm, and entoderm, 
employed by many authors. 

The terms ectoderm and entoderm were first applied to the two fundamental layers, shown 
by Huxley in 1849 to constitute the whole body of coelenterotes, and which were correctly 
regarded by him as homologous with the two layers of the bilaminar blastoderm, to which we 
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have ^tplied the terms primitive ectoderm and primitive entodeim. Since tbe middle lajer 
is developed from one or botli of these primitive layers their permauent representatives are 
morphologicallj different, having lost the elements which go to form the middle layer, and it 
is therefore convenient to accentuate this distiuctioa by the adoption of different terms to 
represent tbe permanent layers. 

The generalisation that the formation of a bilaminar blastoderm ie typically produced by 
the invagination of a hollow spherical unilaminar blastodermic vesicle is dae to Haeckel, and 
was based largely upon tbe important researches of Eowaievsky, especially those on SagiCta 
and AinpbioxuB. The process of delamination which in some animals prodnces the two 
primary layers was originally regarded by Ray Lankester aa the typical mode of formation, 
but is now g-enenJly admitted to be a eecondarj modification. Finally, it has been shown 
(Balfour, Lankester. R. and 0. Hertwig), as is set forth below, that the ccelom or body cavity 
is lypicalhj developed, not by a process of splitting of the mesoblast (although in some 
aniinalB this may occur ae a secondary modification), but as hollow protrusions from the 
primitive alimentary cavity, the cells which bound these protrusions forming the mesoblast. 
Thus from an originally single blastodermic layer b; Eucce^ive processes of invagination 
or folding, tbe three permanent laminte are ultimately produced. 

Such folds may be regarded as formed mechanically by local hypertrophic multiplication 
of the cells of the lamince, an increased surface being thus found for tbe increased number of 
cells. In analogous manner the folds which accompany the formation and separation of the 
body and the development of the several organs, c^., the nervous system, alimentary canal, 
amnion, may also be regarded as resulting mechanically from cell- multiplication. This 
mechanical theory of development was first ennnciatcd by Pander, and has of late j'ears been 
applied extensively by several embryologista, notably by His (^Hiilwicil. d. Uiihnehent, 1868, 
and Vnacrc Korperform, 187i), and Rauber, 

Cbaractflrs of Ulo liI&Btodenmc laysri. — The three layers of the blastoderm 
show from the firet distinctive characters (fig. 2G). The enter layer, or epiblaat, is 
epithelial in nature and consists of somewhat irregularly columnar cells doeely set side 



Fig. 26, — TsitmvEBSE sacrion THRoncH tbe fkont bns of the 

BLASTODEHM 0? TBE CHICK. (From Bolfour.) 

pr, primitive groove ; si, mesoblast ; rp, epibla.'it ; Ay, hypoblast. 

by Bide, forming a single stratum for the moat part, except near the middle line, and 
becoming thinner and flatter towards the margins of the embryonic area. 

The inner layer or hypoblast is also epithelial, but the cells are at first all 
flattened, and appear therefore quite thin and linear in sections of the blastoderm. 
At a later stage, the hypoblast cells become markedly columnar and enlai^d, so 
that they considerably exceed the epiblast cells in size. 

The middle layer, or mesoblast, which differs, as we have seen, in its mode of 
origin, being formed secondarily from one or both of the primary layers, also differs 
from them entirely in its appearance and stracture. Instead of consisting of cells 
closely joined together into a continuous membrane after the manner of an 
epithelium, the mesoblast is at first composed of cells which are not thus closely 
MTanged, but have, on the contrary, a considerable amount of intercellular flnid 
between them. They are most irregular in shape, and are often branched and 
united with one another, so that much of the mesoblast early tesembles an 
embryonic connective tissue. 
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Before proceeding to describe the commencing derelopmect of the embryo it will 
be inBtmctive to enumerate the parts which are formed respectively from the three 
blaBtodermic layers. The following is the reUtion given in tabular form : — 

The whole of the aervoos Eystem, inclnding: not onlj the central organs Cbiwn and 
Bpinal coid), but also the peripheral nerreB and Bympathetic. 

The epithelial BtractareB of the orgiuiB of special sense. 

The epidermiB and ite appendages, inoluding the hair and nails. 

The epithelinm of all the glands opening npon the eurtace of the skin, luolnding the 
H I mammaiy glands, the sweat glandB. and the sebaceonB glands. 
" The muBcalar fibres of the sweat glands. 

The epithelium of the month (except that covering the tongue and the adjacent 
posterior part of the floor of the mouth, which is derived from hypoblast), and that of 
the glands opening into it. The enamel of the teeth. 

The epithelium of the nasal psasagea, of the adjacent upper part of the pharjni, 
and of all the cavities and pclands opeuing into the nasal passages. 

, Hie urinary and generative organs (except the epithelium of the urinary bladder 
- 4i and nrethra). 

3 J All the voluntary and involnntaiy muaclea of tlie body (except Qie mtuoolai flbin 

g -g i of the sweat glands). 

S i j The whole of the vascular and lymphatic system, including the serous membranes 
'I S ' and spleen. 

\ The skeleton and all the connective tissue stracturea of the body. 

The epithelium of the alimentary canal from the back of the month to the anus, 
and that of all the glands which open into this part of the alimentary tube. 

The epithelium of the Eustachian tube and tympanum. 

The epithelium of the bronchial tubes and air sacs of the longs. 

The epithelium lining the vesicles of the thyroid body. 

The epithelial nest£ of the thymus, 
, The epithelium of the urinary bladder and urethra. 



PAKABIABT THXOBY OT HIS. UXBXHOHYMX THXOBT OT HXBTWia. 

The observations of His upon the development of the blood and connective tissues 
In the bird led him to regard these tissues as originating, not from the mesoblast which 
in Uie chick grows oat from the sides of the primitive groove, but from cells which, 



Fig. 27. — Tebtiul SEOTion tbbodob tbb blastodekx of a bin's loa taus bkih tbi 

FERiFHiBl. (Strieker.) 

E, spiblast ; //, hypoblast, passing at the peripherj into an undifferentiated mass of yolk. A, 

CODtaining largo cells filled nith yolk granules ; M (tovuds the centre of the blsstoderm), meaoblast ; 

M (nearer the periphery), granular cells, appareatl; derived from A, and lying between the epiblast 

and bypcblasL 

originating either in the joUt or in the thickened rim of the spreading blastoderm, wander in 
centripetally tetween the primary layers and fill up all the interstices of the centrifugally- 
growing tme meBoblast. These in-wandering ocIIb being derived, not like the other cells of 
the embryonic area from the more active primarily differentiated central parts of the blasto- 
derm, but from the peripheral non-embryonic portion, were collectively named by His 
jiarahlafl, and the tissues (blood and blood-vessels, and all the connective tissues) supposed to 
be formed from them were termed parablaitic (all the other tissues of the embryo being 
termed, in contra-distiuction, arrkiblailic'). 

His's theoiy was enunciated aa long ago as 1SG6, although he afterwards introduced 
into lb certain modifications. For a considerable time it met with little atxeptance, but of 
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lata yeaiB it has obtained, in it« modified form as above ^iven, the adherence of roenj 
embryoltglBte, and especially of R. and O. Hertwig, Kupffer, KoUmaim, and Waldejer. R. 
(tnd 0. Hertwig' have given the name of meirvchyme to Hie'a parablast, wliile retaining' the 
designation of middle germinal layer or mesoderm for the rest of the mesoblast, from which 
It differs (I) in its stmottirei coneiBting of loosely arraDged wanderinjf cells, as distinguished 
from the epithelinm-like iaitellES, of which according to tLeic description the rest of the 
meeoderm is composed ; (2) in ite derivation, arising as sepaiAte cells from the entodei-m instead 
of in the form of a coherent layer ; and (3) in its ftirther development and destination, giving 
origin to the connective tissues and blood-vessels, and perhaps to the plain muBCular tissne, 
wherens the mesoderm proper gives origin t^i the skeletal muscles and to the epithelium of tbs 
ijtona cavities, and of the genital and urinary organs. They describe the true mesoderm as 
consisting of two epithelial lamellio, which form distinct layers of the blastoderm, so that 
aocording to this view the complete blastoderm would consist of fmr layers (epiblast, oater 
or somatic mesobloat, inaec or splanchuio merablast and hypoblast) besides the mesenchyme ; 
to which muct be added a median strand of cells set aside for the formation of the notochoid. 
It appears evident from the researches of Kowalevsky in Sagitta and Amphioins that what 
Is to he regarded as the typical origin of the mesoblast in Metazoa' takes the foim of a pair of 
divertioiUa from the primitive archenteric cavity (fig:. 28, la ; fig. 29, I), which hollow diverti- 
oida become pinched off from the remainder of that cavity, and, their cavities becoming com- 
pressed laterally, are converted into the ccelom or body-cavity (serous cavities of veitobrala), the 
two walls of this cavity on either side forming respectively the Inner and onter mesodermio 
layera of B. and O. Hertwig. In Sagitta, the diverticula oconr in the neighbourhocd of the 



Fig. 28. — FoRliiTION OF MiaoBLiSTJC 80K1TSB 

SECTlon. [Hatechek. ) 

!»., AaxmX view of an embryo in which the mcsoblast is beginning to form as two longitnJinal folds 
of Ibe hypoblast which are becoming anbdivided from before hack by conatrictions into separate 
■omitei. I., the aamo viewed in profile, showing the anterior three eomites of one side, with their 
cavities in free communication with the enteric ca*ity. The neural canal, n.e., is continued 
posteriorly by a neurenteric canal into the enl«ric cavity ; ep, epiblaat ; hy, hjpoblaat. II., dorsal 
view of a more advanced embryo. The somites are more numeroQS and are completely separate. In 
all bnt the most anterior pnir the eommonioition with the enteric cavity is still seen. III., dorml 
tIbw at a etJU later atage. The somite cavities are now completely closeii. The cellular rod, eft, shown 
roDlling along the middle of the embryo is the notochoid. 

blastopore, which is also the typical seat of origin of the mesoblast, but in Amphioius they 
are formed by longitudinal folda of the wall of the archenteric cavity, which grow from 
before baclcwards, and become separated up into segments in their progress. Id most vertebrates 
above Amphioms the mesoblostio outgrowths are from the first solid, not hollow (although a 
split may early, and does eventually in any case, occur in them, the coelom being thus pro- 
duced), nor do they originate so distinctly from the entoderm, bnt arise rather at the junction 

' Bxcept the Ccelenterata which have only the two primary layers. 
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of tUs with ectoderm tb the margin of the blastopore, and in the higher forms, espeoiall^r 
munTnalfl. ma/ even be lar(;elj derived from ectoderm. It ia neverthelees for many reesona 
probable that the origin in a pair of hollow diverticula, as above deecribed, is to be looked 
Upon as the tjpical one, and that as a solid ontgrowth, snbeequentl; becoming split or hollow, 
IB a secondoTf modifioation.' It is qneationable, however, whether there is so considerable a 
difference between the external and internal portions of the wall of the diverticnlum that 



111. (HatKhek.) 
n.g., nearal groove ; n.c, aenrsl canal ; eh, rudiment of notochoiil ; met. lom., mesoblastic lomito. 
In L, its cavitf is in free commanication with ifav alimentajy cavity ; tp, epiblaat ; Ay, hTpoblsft ; al, 
allmentar; eavitj. In III. tbe cavilj of the somite has extended on either side of the alimentai; 
canal and fonos a ctelom, or body cavity (ea). 

these two plates of meaoblaat shonld be regarded each one as of equal morphol<^cal importance 
with the epi- and hypoblast. 

It may also be doubted whether the parabUstic c- mesenohyme elements are eesentially 
difFerest in their origin from the rest of the mesoblaet.' In forms which are r^arded as 
most typical, anch as Sagitta and Amphioxne, they are not distinct ia origin from that layer. 
In the simpler forma amongst the Craniata, aa Cycloet^imata and Amphibia, no origin 
distinct from the rest of the mesoblaet haa been described for these elements, nor has it been 
seen in mammak, in which, iodeed, It is difficult to conceive an independent source for them. 
It Is only in the highly modified maroblastic ova that appearances have been noted which have 
seemed to jnstify the escribing a peripheral origin to the paiablttstic elements. But the evidence 
which has been hitherto adduced in favour of this view cannot be r^arded as sufficient to 
Jnstify its unconditional adoption, and it must be regarded as equally open to consideration 
whether the derivation from that part of the blastoderm which ia most closely connected 
with the source of nutriment, viz., ^e yolk, of those elements which are to form the blood 
and blood-vessels, and otherwise to minister to the nutrition of the early embryo is not to be 
explained by the modified pbyeiological conditions of these telolecithal ova. 
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BAELY CHAMGES DJ IHE BLA8T0DEEM. 



K&BIiY CMAXtOES TS THS BLASI'ODEBIC, HEBXTLTISa IS 
THE TOS.T/U.T10TS OF THS EUBBTO. 



ZTsnral canal. — The blastoderm in mEtminals, as we have Been, eventually 
completely encloses the cavity of the ovum, and even in the large telolecithal ovum 
of the bird, it gradually extends bo aa to cover a large part- of the yolk. But only 
a small portion of this membrane takes part in the formation of the body of the 
embryo, that portion namely which lies immediately in front of the primitive groove, 
and it is here that what may be regarded as the first trace of the embryo makes ita 
appearance — very soon after the outgrowth of mesoblast from the sides of that 




Fig. 30.— EiiBftToiric akea, ' 

ovox OT fiTBN DAIS. V- {^""^ Kolliker.) 

on, lasculu ana ; ay, embryonic area ; pr, primitive atr«ak aM gToove ; rf, medulla:? groan, 

groove — in the form of a shallow furrow (fig, 80, rf), wide behind where it 
embraces the anterior end of the primitive streak, and at first narrow in front, and 
bounded oa either side and anteriorly by a fold of epiblast ; which folds, in fact, 



Fig. 31.— SKnos achosa thb . 

tp, folds of epiblatit risiog up on either aide of the middle line, and thus bounding the medullary 
groove ; mg, middle of medullAr; groove ; hy, hypoblast, which is in contacC vith the medullary 
epiblast at the middle of the groove, bnt is eleeivhere separated from it by mesoblast, ni;, which bM 
bunoved forwards between the two primary layere. A cleft is Men in the mcaoblnst on either side ; 
'' " ' '' it of the anterior part of the ci£lom. 



FOEMATION OP NEURAL CANAL. 



Pig. 32. — Sections i 



32 THE NOTOCHOaD. 

produce the groove which is enclosed between them. The groove which ia thus 
early formed in front of, but not, as was formerly supposed, in continuity with the 
orimitivo groove (Dursy), is no leas than the rudiment of the whole central nervous 
system, and it is accordingly known as the nevral or medullary groove, the folds which 
bound it being termed the medullari/ folds. By the time that the neural groove ia 
formed, the mesoblast has generally extended forwards from either side of the 
primitive streak, burrowing between the epr- and hypoblast, and as the folds become 
developed, this mesoblast fills up the space below the epiblast, triangular in section, 
which each fold encloses, so that on either aide of the neural groove there is now a 
longitudinal thickening of mesoblast, entirely separated from ite fellow of the 
opposite side by the meeting of epi- and hypoblast at the bottom of the neural 
groove (fig. 31), and gradually thinning off laterally into what is known as the 

Pig, 33. — Middle of tbi siction showh in ?iq. 31, 



lateral plate of mesoblast. These two longi- 
tudinal thickenings of mesoblast give origin to 
most of the muscular and skeletal tissues of the 
body ; they form what may be termed the 
na^ paraxial as distinguished from the lateral meso- 

blast. Somewhat later the medullary folds 
become bent over the neural groove, and meet one another in the middle line 
{fig. 32). Here they blend topither, and the groove becomes converted into a 
canal — the mural canal. Of the two layera of epiblast which are formed from 
the folds, one is now the roof of tiie canal, the other is the epiblast of the dorsal 
surface of the embryo. The layers are at first in contact with one another, hut 
subsequently mesoblast pasneS' between them (forming the memhrana reuniens 
mperior of Kemak). The closure of the neural groove begins in the posterior 
cephalic region, and thence extends forwards and backwards. 

Ifotodiord. — Running along the bottom of the neural groove there may soon 
he seen, when the blaatoderm is viewed fi-ora above, a linear shading, which appears 
to start from the anterior end of the primitive streak and passing forwards becomes 
gradually lost towards the anterior end of the neural groove. Transverse sections 
across th^ latter show that this appearance of shading is due to a longitudinal 
thickening of the hypoblast along the middle line (fig. 33) ; the central cells of 
this layer becoming enlarged and gradually separating themselves off to form a rod- 
like column, which lies between epi- and hypoblast just below the neural groove 
(fig. 32, cA). When so separated, the column is known as the chorda dorsalis, or 
mlochord, a structure which, along the middle line of the early embryo, replaces the 
mesoblast, and which is at first, as before said, continuous with the united epi- and 
hypoblast at the anterior end of the primitive streak. The actual separation of the 
notochordal cells from the hypoblast occurs first a little behind the anterior end of 
neural groove, and progresses tockwards, although the hypoblastic thickening occurs 
first at the posterior end of the neural groove and is in fact directly continuous with 
the united column of epiblast and hypoblast which forma the anterior end of the 
primitive streak. The neurenteric canal passes through the thickened posterior 
extremity of the notochord, where this is continuous with the anterior end of the 
primitive streak (see fig. 34). It is continued in mammals a short distance along the 
notochord as a canal (prolonged fonvards into a groove) (fig. S4, 5), which has been 



THE NOTOCHOBD. 



Ftg. 34. — A BiBira or tiahstirse sections THnouas ' 

OP t HOLE BHBBTO. (Hupe.) 

The embiyo vaa slightly more adranced thnn the one represented in Fig. 26. The dorsai opening 
is shown in I,, continoed into the priinitira groove ; the canal pasBea thence throuifh the column of 
cells vhich anitea the cpibtost und hypobl^t nt the front of the primitive streak (li.), into the noto- 
cherdal thickening of tbo hypoblast (lit.), along which it extende for some dlslaoce (IV.), and 
erentuallr opens veatrallj (V.) into a. median grooie, which is formed in the Dotochard&l thickening 

tp, me, hy, epiUaat, meublast, hj-poblast ; p.gr. (in I. and II.), primitive groare ; 
or QOtwhoTdal caiial ; m.gr. (in III., IV., and V.^ medultaiy groove. 
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described under tlic name of the noloch&rdal eanal, and corresponda with the hypo- 
blaatic invagination, which in AmjjhioxiiB (fig, 2D, I., eh) also forms the first stage in 
the development of the notochord. 

A flattening' out and eveu eventually a duplication of this c:inal occurs in the chick and is 
various mammaLi nt a comeuhat later »i!xge than that given in fig. 34. According to Spee, 
its cleft-like cavity may pass laterally into the commencing: mesoblaatic cleavage (ctelom- 
invagination 1). 

The notochord is essentially an emhryonic structure in mammals, although it does 
not completely disappear, for traces of it arc to be found throughout Hfe in the 
centre of the intervertebral discs. When fully developed it is a cylindrical rod 
composed of clear epithelium-like cells, enclosed within a special sheath of homo- 
geneous substance. These cells, although they may become considerably enlai^d 
and vacuolated, nndei^o no marked histogenetic change and take no part in the 
formation of any tissue or organ of the adult. 

Separatiou of tlie embryo &om tbe Uastodflrm. — The embiyonic rudiment 
which thus firet makes its appearance in the blastoderm, and which conaiste 
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s ; am, amiiioD (head fold). 

essentially of neural groove, mesoblastic thickenings, and notochord, becomes 
at a very early period marked off in front by a dipping down of the blastodermic 
layers immediately in front of the anterior end of the neural groove, so as to form a 
transverse curvilinear sulcus — the anterior iimiting sulais. This is at first wide 
and shallow, but soon dec))ens and narrows, and takes at the same time an obhqne 
direction, etu"ving downwards and backwards under the front end of the neural 
groove. The sulcus is really due to a growth forwards of the anterior end of tbe 
embryonic rudiment, over the part of the blastoderm immediately in front of it, so 
that this anterior end now projects aa a distinct head (fig. 35). 

All the three layers are involved in the forward growth and overfolding which 
produces the head, so that a prolongation from the blastodermic cavity, which is of 
oonree lined by hypoblast, becomes included in the head, and the anterior part of 
tbe primitive alimentary canal, or/ore-ji/((/,j.) is thereby produced. Formed in this 
way its front end is necessarily blind, and for a long while there is no mouth nor any 
communication between the fore-gut and the exterior of the embryo. The mouth 
becomes formed lat«r by invagination from the exterior. 
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extended to this pftrt. Hie head end of the embiyo grows forward over thU bilamiuar portion, 
and since the embryo, bs it beoones differentiated, tends t« sink below the general BOiface of 
the bUBtoderm, the head which now orerlieB the bilaminar part produces a depresaion of this 
part toward! the interior of the vesicle, so that the head of the embryo becomes enclosed by 
the bilaminar wall of the depreasion (fig. 36). The enoloain^ membrane, which is well marked 
in the rabbit, has been termed bj r. Beneden tbepro-aiiiHion : by an extension of mesoblast and 
of the meeoblastio cleavage betwaen its layers, it afterwards becomee split into Bomatopleure 
and iplanchnoplenre, and the former becomes continnoos with the true amnion (see p. 42). 
The stage of pro-amnion, if it exists at all, must disappear very early in the human cmbrya 

Soon after the appearance of the anterior hmiting salens, two lateral limiting 
Balci are seen running external and parallel to the medullar; folds ; these lateral 
sulci, aa they dip down, mark off the body of the embryo from the rest of the 




Kg. 36.— DlAQRlMKATIC LomilTIIDniAL BKTIOBB THROUOH IHB KMBIITO 0» THl RIBBIT. TH« 

xnauu (v. BenedeD and Jiilin.) 

tp, epiblait ; kg, hypoblast ; tm, mesobbiit ; 
heart not being represeDtad ; pr.a, 
am, amnion. 

blastodenn, but they do not for some time progress far in development, the middle part 
of the future alimentary tract long remaining in free continuity with the cavity of the 
blsBtodermic vesicle (Sg. 45, and fig. 49, d), but becoming gradually more pinched off 
from it. That part of the cavity of the original blastodermic vesicle which does not 
form a part of the alimentary canal, but remains conuected with it by a wide neck 
of communication, is known as the yolk-sac. At a later stage, when the "body walls 
are formed, and the yolk-sac, relatively greatly diminished in size, lies altogetlier 
outside the body of the foetus, it is merely connected by a long narrow duct, whit^ runs 
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along the umbilical cord, with the iutestiof. Thi&isteTYaei theumhilical duct, sad the 
yolk-sac itself haa received (in mammals) the name of umbilical vesicle (figs. 50, 51). 
Lastly, at the tail end of the embryo a hiiid-gitt is produced. In the haman 
embryo this appears to be formed by a protrusion from the poBteriur blind end of the 
enteric groove, and after £he formation of the allantoic tube, bat in most mammals 



IHg. 37.— Thanstebbi bictioh of the tail emd or ah ixbrti> ouick 0* TDi LITTER HALr or 

THE SKCOHD DAT, AT TDB CLACK 1THBKE THE VERTEBRAL BOHITGS CIASE. V- (From EoUilcer.) 

m./., medulltiiy folds, the neural canal beginning to close ; p.m., paraxial mesoblaat ; l-m., UtenJ 
meioblast : ep., epiblast ; hy, fajpoblaat ; ao, pnmitive aorta ; ch, notocbord ; ji, c^elomic desTage of 
lateral plat« ol neBoblast. 

niid in birds it is produced by a folding over of the tail end of the embryo like that 
which occurs at the head end to enclose the fore-gut (figs. 45 to 47). The hind-gat 

BELOW, f. (Prom Kolliker.) 

Vh, forebrain ; Ab, primary ocular resides ; Ch, notoclioni ; H, tubniat 

bcjkrt ; oia, viUttline vaina ; Vd, entianee to the forepart of the aiimentarr 

canal within tho cephalic fdcl ; in the middle part ot the embryo, the 

I pruCovertebml wmites are seen (to the number of thirteeo piin) on each lida 

of the canal of the spinal marrow and oolochord. 

'™ remains for a considerable time blind, until the anus becomes 
formed by invagination from the exterior. 

Cleavase of mesoblast. Formatioii of body caTity. — 

At a very early period, soon indeed after the formation of the 
neural groove, two important changfe b^ia in the mesohlast 
One of these is the cleavage of the lateral mesoblast (which is at 
first a continnous sheet) into two plates, one of which clings to 
the epiblast, and the other to the hypoblast. The cleft is at first 
small (fig. 37, p), but accumulation of fluid within it soon con- 
verts it into a cavity, which gradually spreads until the separation 
is V0T7 extensive [fig. 39, p. p.). The layer of mesoblast which 
clings to the epiblast eventually forms part of the body-wall, 
and is known as the somatopleure ; that which clingg to the 
hypoblast forms eventually part of the wall of the alimentary 
tract, and is known as the sphitchnopleure. The cavity between these, which is 
formed by enlargement of the original cleft, is the calmn or body cavity (plcoro- 
peritoneal cavity of authors). 

Formation of mesolilastic somites. — The other change occurs not in the 
lateral but in the paraxial mesoblaet, and consists in the occurrence at regular 
intervals transversely along the mass, of a process of thinning which produces its 
complete separation into distinct segments, so that when the embryo is viewed from 
above or below, these segments appear on either side of the neural groove as a 
linear scries of small quadrangular masses (fig. 38), which were originally termed 
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protoverlebrte, on the supposition (now known to be erroneous) tliafc they are 
the rudiments of the future vertebne ; they are more appropriately termed the 
mesoblastk somiles. 




Fig. 39. — Tkamsteeuk bkt. 

(From B&lfour.) 
A, epiblsEt ; C, hypoblast ; Jfc, mednllary canal ; Pv, protovertcbnt oi mesoblostic somite ; Wd, 
Interniediato cell-mass in vhicb the Wolffian duct is becoming formed ; So, somaUipUarB ; ^, 
splancbnopleure ; pp, pi euro- peritoneal caTitj (colom) ; op, inner margin of area apaca ; w. tbickensd 
hn"'l'l<'*t "f f'^'^ opacB ; ao, left pHiDitive aorta ; v, blood venels ; ci, notochord. 



In Amphioxne (%il 28, 39), the piotovertebne are formed in common with the bodjcaTil^, and 
are BuccesslTel; separated oS from before backwards from the ccelomic fold aa hollow ODbotd 
somites, each of which extends upwards around the nenral canal and downwards along the 
ridee of the alimentary canal, and Hubeequently divides int« a dorsal or paraxial part which 
forms tie protovertebiffi, and a ventral part which forms the lateral meBOblasL At first the 
hollow somites oommunicate indlTidually with the alimentary cavit;, but the; become shut 
oS from this loDg before the division which has just been mentioned. The ventral segments 
run together eventually, to form a continnons serous cavit;. In sections of bird or mammalian 
embryos (fig'. 39), the protovertcbrEs. altboug'h on tlie whole compact masses of meoo- 
blast, yet often show a tendency to have their central cells looselj arranged, so as to give the 
appearance of on irregQlar cleft in their interior, and somctimcB a definite cavity is fonned in 
them, which may even be continuous with the cielomic cleft in the lateral mesoblaat. 

ProtOTertebrffi begin to be marked off in the paraxial mesoblast, a short distance 
from the anterior end of the neural groove, in what will eventually become the 
cervical r^on of the embryo. They are produced in Bucceaaion from before back- 
vards, one or two only being at first visible on either side, and others being gradually 
added as the embryo grows in length, until a large number may at length be cdrnted, 
extending from immediately behind the cephalic r^ion to the region of the primitive 
streak. 

Cersbral veaiclwi. — Meanwhile a change of importance has taken place in 
connection with the anterior end of the neural groove, which has become enlarged, 
and soon exhibits a successioa of highly characteristic median dilatations, separated 
from one another by slight constrictions (lig. 34). These dilatations, at a later 
st^e, after they have become roofed in, along with the rest of the neural groove, 
are known as the cerebral veskles. There is at first a simple enlai^ment, and 
behind this two others form in Bucceesion, eo that the primary vesitles are three in 



number, but sabseqnently the most anterior (fore-brain) and posterior {ki7td-brain) 
each forms two vesicles, whereas the middle vesicle {mid-hrain) remains permanently 
undivided. Five vesicles are therefore then to be seen, and these give rise eventually 



Fig. 40.— ScftiAOK VIEW or ah ribit Skbktd or thi odihea fiq bhowihq the cohhihcembnt of 

THE TQBBB P&IMABV CBBBBBAL VHaOLU (1, 2, 3) AS EHLliKiEMiUm IIV TUE MEDULLAST aEOon. 

Semi-duigrammatic. 

jrr, piimitire rtraak luid grooTe. 

Fig. 41.— Rabbit embbyo or lai Sts dat, raoH the bobface. V' (Kalliker.) 
The medallar? grooTe is enltuged anteriorlj and the primary optic vesides are growing out from 
the first cerebral enta^ment. On either side of the head, the (doable) tubular heart is seen. Bight 
piura of proloveitcbnB are farmed. 

to the five fundamental divisions of the brain, vhile from the sides of the fore-brain 
the rudiments of the optic nerves and retinae grow out as hollow protmsions. 

Kaart and vascular Byatcm. — While this change is prt^ressing in the 
nenial canal, and the protovertebree are becoming formed in the paraxial mesoblast, 
the first sign of a vascular aystem IB beginning to make it« appearance in the 
mesoblast on either side of the head in the form of a simple tubular vessel (fig. 
41), which becomes developed in the splanchnopleure in this sitnatioo. As the 
splanchnopleure and its accompanying hypoblast fold round on either side under the 
bead to form the fore-gut, these two simple tubes necessarily come t<^ether in the 
middle line, and they then fuse together longitnoinally to form a single tube, the 
primitive heart (fig. 38) ; this tube runs for a short distance iu the mesoblast immediately 
under the fore-gut, and then divides into two branches, which pass laterally, so as to 
partially encircle the fore-gut, and thence course backwards along the body of the 
embryo on either side of the notochord. These two vessels form the primitive 
arteries {primitive aorta), the part of each which encircles the fore-gut as it passes 
dorsalwards being knonn as the firsl aortic arch. On the other hand, the posterior 
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end of the Binglo tubular heart bifurcates at an obtuse angle to form two large 
venous roote {primitive veins), which receive the blood from the vaecuJar area on the 
yolk-sac when this is developed, and pass it on to the heart. These two primitive 
veins become the vitelline veins. 

The heart begins to beat very soon after its appearance, even whilst stilt filled 
only with a colourless fluid, and before receiving blood from the vascular area. 



Fig. 42. — ViLECDLlR ABEA OF ^HB RABBIT OF 10 DilS. (v. BcDIHlen tUld Julin.) 

The arteries and arterial capillaries are represented reJ, tLe venous oajiiilsries anil veins blue. 

Afterwards, when receiving and propelling the red blood from that area, "and 
especially siter it has become elongated and bent upon itself, it is one of the most 
prominent objects seen on examining the embryo ; projecting as it does freely into 
the yet widely open ccelom immediately behind and beneath the cephalic region of 
the body. 

The first vessels to be developed are formed in mesoblast altogether outside the 
body and within a circular area (vascular area), which surrounds the developing 
embryo for a certain distance. The first appearance of red blood occurs in the form 
of isolated red points (blood-ielands of Pander), which are scattered ab^nt within 
this area, and are especially numerous at its circumference, where they form an 
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alraoBt continuous chain. These red points are small gronps of coloured undeated 
blood corpuscles which have been developed within certain of the mesoblast cells in 
the manner explained in another portion of this work (see Histology, Development of 
blood-corpusclea and blood-vesBels). The mesoblast cells in question form the blood- 
vessels of the \-aacular area by becoming united with one another into a capillary 
network, which becomes connected meaially with branches of the primitive aortee 



Pig. 43. — Vaecvlar Area or the ttABsra or 11 days, (v. Beneden and Julin.) 

The orteriea ore repreeentcd reil, the tcids blue ; the capillaries are Dot ahown. 

In both the Btages Ulustniled, the terminal einua is seen to l>e arterial, 

(vitelline arteries), and peripherally with a circular vessel (terminal sinus), arterial in 
mammals but venous in the chick, which fonns the circumferential boundary of the 
vascular area. From the capillary network of the vascular area the blood is collected 
into two vitelline veins, which course backwards and inwards to carry the blood of the 
area to the venous roots of the heart. This is the first circulation, or the circulation 
of the vascular area. It is also billed the vitelline circulation, because the vascular 
area is developed in the mesoblast of the splanchnopleure layer which encloses the 
vitellus, and its capillaries are an important means of bringing the food material of 
the Tit«Uns to the embryo. 
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DIIVELOPMEITT OF THE FCETAIi HEHBBAIO»; ATTACHUENT 
OF OVtrM TO nTEBtJS, 

Having thus sketched out the manner in which the principal organs of the 
bodj first make their appearance, we may briefly consider the formation of certain 
Bti-uctures which have a purely embryonic exiBtcnce, and are concerned either with 
the nutrition of the fcetua and its attachment to the mucous membrane of the 
nterns (choriou, allantois, placenta), or serve the purpose of protecting the embryo 
against mechanical iajuries by susi^eiision in a b^ of fluid (amnion). 

Formatioii of the uuniou and chorion. — The amnion, which is only found 
in reptiles, birds, and mammals (amniota), is a membranous bag occupied by a clear 
albuminous fluid, and covers the whole of the embryo. It is developed from folds of 



Fig. 44.— DtAOEUH or 

rOBMillOM 0» THB 4MMI0JI. THK AMSIOTIO FOIOS HAVB BKiltLV CKIIBD IN THE 3IIDDLI LIHK. 

Epiblaat, blue ; mcsoblost, red ; hjpobliist mid notochard, black. 

somatopleure, which are reflected from the head and tail ends and lateral boundaries 
of the embryo at an early stage.* With the sinking of the embryo into the blasto- 
dermic vesicle or yolk, these folds grow up over the back (fig, 44) until they meet and 
coalesce with one another along the middle line, in such a manner as to form two 
distinct membranes, one of which, the inner, is the amnion (true amnion), while the 
outer membrane {termed the fahe amnion) becomes applied to the greatly thinned 
remnant of the zona pellucida, and eventually forms a complete external covering 
to the ovum and its contents. This external covering of the ovum has been long 
known as the chwion — a name which has, however, been applied by some emhry- 
ologiata to other structures.- It is fised to tiie uterus by villi, which are 

I Tbe bead fold is preceded at a ;et earlier Btage bf tbe biUminar pro-amnioa, tbe formation of 
wbicb bAB been already alluded to (p. 35). 

' Tbe term " chorion" bas been applied to various atructuroi by embrjologists. Originally useil tc 
denote the external covering of the developing ovum, it was employed successively for tbe zona pellaciOB 
("primitive chorion"), tho epithelial enclosing membrane of tbe blastodermic vesicle, and finally for 
the eil«nial amniotic fold or false auinion, when this becomes formed. Lately it has been used to 
express the external albuminous enveloi^ of the undeveloped ovum, so that it ia probable that 
much confuuoD may arise unless the meaning of the term be in each cnie cJearlf defined. It 
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attached to the uterine mucous membrane, and these villi Bnbeeqaently become 
ramified and vasoular when the growth of the allantoia has brought the umbilical 
blood-vessels to the chorion ; but except in the placenta, they at length all become 
atrophied and disappear. 

It will be seen from the manner in which tjie true and false amnion are formed 
hy a fold of somatopleure, that these membranes are composed of both epiblast and 
meBoblaat. In the false amnion the epiblast becomes the onter layer ; in the true 
amnion it is the inner layer. The meaoblast of the one is separated from that of 
the other by a space occupied by fluid,' and continuous with the ccelom, with which 



Kg, iS.—DlAatAM Of A LOXOIIirDIBAL SKCTIOR OF A MAHHAUIB EMBKTO, ArTCU 

or THE Aumoic. 

in fact it remains continuous until the body walls of the embryo have entirely grown 
round and coalesced on the ventral surface — the final point of coalescence being the 
umbilicus. With this enclosing growth of the body walls the line of reflection of 
the amniotic fold is also carried downwards, so that the amnion is eventually 
attached around the umbilical cord, by which the fcetua appears suspended in the 
amniotic fluid (fig. 50). 

In the ^inea-pig-, iu which the epibhiBt a the innermoet lajer, the anmiou is not formed 
as a fold, bnt reHultij from an eit«iiHioii of the mesobluatio cleavage around the dorsal aspect 
of the central cavity ; this cavity thus becomes the cavity of the amnion. 

Fonnation of th« BlluitoUi. — Both the amnion and the chonon arc entirely 
eztra-embryonic structures, i.e., they are external to the body of the embryo, and, 

vill be oBed throngliout ib'n article in tbe eense in vbich it baa hith«rto almost invariably been 
employed in human embryology, to denote that external membmne of tbe ovum from which the 
villi (chorionic villi) which grow into the uterine macous membrane spring, and this it will be seen 
picsently, is Ihat part of tbe external invegtment of the bla»todenoia vesicle, v/hich, when the amnion is 
formed, becomes the external amniotic fold or false amnioo. 

' Except in the later staees of gestation, when the amniotic and chorionic mesoblast becouie loosely 
nni::d by jelly-liLc cuniicijtive tissue. 
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although they minister to iU protection aad nutrition, take no part in the formation 
of any of its organs. But the case is different with the Btructure next to be 
described, viz., the allantois, a part of which does in fact eventually become 
converted into portions of the urinary and generative systems, althongh the greater 
part is also extra-embryonic, its function being to minister, through its accompanying 
blood-vessels, to the nutritive and respiratory exchanges of the fcetus. 

The time of development of the allantois seems to vary much in mammals, and 
there is reason to believe that it is found in the human embryo at a very early 
period — indeed the earliest human embryos that have hitherto been described 
already possess an allantois. In most animals in which its development has been 
studied the allantois has been found to begin aa a hollow prolongation of the posterior 
end of the primitive alimentary canal (fig. 46). It soon, however, becomes relatively 



Fig. itt. — LONaXtDDIRll. HBCTIUN THBOOGU ' 

ODTOBOWTH Of THE ALLINTOIB. (K<t1lik«. ) 

h, epiblast of trunk ; dd, hnx>t>Uet ; m, meilallary or nearal canal ; ch, notochord ; ltd, 
mnuaeadag hind-gut, vliich is becoming formed by a foldiDg-aier of tbe tail end of tha embiyonio 
blaatoiienn, t ; ed, blind ond of hind gat \ at, allantois growing oat ^m hind got into aw, menoblaatic 
thickening ; e, epithetinm of jotk sac ; df. aplutchnopleure ; hpt Bomato-pleure passing anpenorlj into 
am, tail fold of amnion ; i, is placed witbin the cavi^ of the amnion, and denotes the tail end of the 
embryo. 

shifted in position so as to come off from the ventral wall of the hind-gnt, growing 
into the posterior extension of the mesoblastic cleft and eventually into the space 
between the false and true amnion, and carrying along with it its mesoblastic covering 
(figs. 36, 45). It is therefore composed eventually of two parts, viz., (1) a hypo- 
blastic sao which communicates, at iirst widely but afterwards by a narrowed oritic«, 
with the hind-gut, and (2) an investment of mesohlaat. This last is usnally greatly 
thickened and very vascular, and is directly supplied with blood by two arteries 
(allantoic or umbilical arteries), which appeal- at first as a direct continuation of 
the primitive aortic. As the allantoic vesicle expands into the cavity of the felse 
amnion, it carries Che vascular mesohlast along with it, so that this mesoblast is thns 
bronght to the inner surface of the chorion, over which its blood-vessels then spread 
so as to convert this hitherto non-vascular membrane into one which is richly 
supplied with blood-vessels. The chorion has grown in the form of ramified 
villi into the substance of the uterine mucous membrane or decidua even 
before this advent of the vascular tissue of the allantois, but the chorionic villi 
now receive blood-vessels and thus become vascularized, the interchanges between 
the fcetal and maternal vascular systems, which are afterwards confined to one region 
only of the chorion and decidua — that which forms the placenta — occnrring in the 
first instance over the whole gnperficies of the ovum. 
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Uke the unuion. an allantoU is only formed in the embryo of reptiles, birde, and maramali.' 
It rariea chiefl; in the extent to which its hypoblaatic part becomea developed. In reptiles, 



1^. 47. — LoNOIttllllNlL SICnOK at a SLIOHTLT LATIK NAOB THAK TBAT lUOTN IH ftfl. i6. 

The sllsntoic protriuioD aow aprings fmm the ventral wall of the hind gat. Lettering as id fig. it. 
(From EGUiiceT.) 

Pie. 18.— BiRLi nnuAir bnbrio. (Prom HEb after Coste.) 
The embryo is enclosed within the amnion am, and is sttacfaed st its otndal end hj the allantoie 
■talk, ati, to the cfaorion. The yolk sac, yi, is sUll distinct from the allantoic sulk. 




Fig. IS.— DlAORAM 

~ IPPIHO UOWH or TBI IHBItla-RDDIMIICT INTO THB BlASTODi: 

r Tai roLDnig o? 
(His.) 

Am, bead fold of the amnion (pro-smnion in b and e) ; JVi, jolk sac a and d are conditioos of the 
embryo wfaich have been seen end described ; b and e are iutended to aliotr how the cooilitioDS foand 
in d may be bmught about, and cspeciallj how the alalk of the sllantoiB may be regarded as a direct 
continuation of the posterior end of tbe embryo, which aiicording to His does not lose at any time iU 
connection with tbe chorion or villons eitemal membrane of the ovnm. Tbo curved dotted lines in c 
indicate tbe formation of the amnion and false amnion by the upgrowing of lateral folds (wliich have 
not as jet met in the median line), 

in and allantois, Bee Balfour, " ComparatiTe 
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in birdBy and in some mammalsi e.^. niminantB, this portion forms a large sac which occupies 
the greater part of the cavity of the false amnion, and is filled b j fluid (allantoic fluid) in 
which many urinary products can be recognised. (The ducts of the embryonic renal organs open 
into the pedicle of the allantois.) But in most mammajs the development of the hypoblastic 
sac is far less extensive, and in some, including the human embryo, the allantois is mainly 
represented by a large mesoblastic outgrowth carrying the allantoic (umbilical) vessels to the 
chorion. There is also considerable variation in the period at which the allantois begins to 
develop. In the human embryo it is certainly formed at a very early period, probably even 
beforo the amnion is completed. In the guinea-pig, also, it appears early, although after the 
amnion. In this animal it is first developed as a solid outgrowth of mesoblast which projects 
from the line of junction of the hinder end of the amniotic bag with the blastoderm, and 
before the formation of a hind gut or of any part of the alimentary tube, a hypoblastic 
diverticulum being altogether wanting. In the earliest human ova in which the allantois 
has been investigated, it is already a tube of hypoblast which forms a direct prolongation of 
the posterior end of the primitive alimentary canal (fig. 49, d), and is enclosed in a short 
stalk of mesoblast, by which the posterior end of the embryo is attached to the chorion, and 
through which, by the allantoio (umbilical) blood-vessels, the chorionic villi are freely 
supplied with blood. From the attachment of this stalk to the placenta (chorionic part), 
the hinder extromity of the amnion is reflected. The stalk in question is not the um- 
bilical cord, since it does not include the stalk of the yolk sac (vitelline duct), which only 
later becomes bound up with it. It is termed by His the abdominal stalk (Bauchstiel), 
the term allantois being by him restricted to the hypoblastic diverticulum. It is further 
considered by His to be probable that the human embryo never becomes completely detached 
from the chorion, but that it always rotains its attachment to the outer membrane 
of the ovum at the hinder end, this abdominal stalk being regarded as a direct prolongation 
of the tail end of the embryo (fig. 49). If this should prove to be the case, the 
human ovum would form an exception to the usual rule of a complete separation of embryo 
from chorion at the formation of the amnion, and subsequent ro-attachment by outgrowth of 
allantois. 

Changes in the uterus. Mode of attachment of OTom to nteras.^ — 

The mucons membrane of the pregnant uterus is known as the decidua. It is 
thicker and more pulpy than in the ordinary non-pregnant condition, and the 
glands are longer in proportion, but it is otherwise of similar structure except in 
the part where the placenta is about to be formed ; here it undergoes important 
modifications. The ovum, which has been fertilized and has passed through the 
first stages of development in the Fallopian tube, although considerably larger than 
the undeveloped ovum, is still an extremely minute object when it reaches the 
uterus. Here it speedily becomes imbedded in the soft and thickened mucous 
membrane, aud this is soon refiected over and completely encloses the ovum, which 
thus comes to lie in a cavity within the decidua which is altogether shut off by the 
reflected part from the true cavity of the uterus. Different names have been given 
to these parts of the uterine mucous membrane which immediately enclose the ovum 
to distinguish them from that which lines the original cavity of the uterus. Thus 
the layer of membrane which has grown around the ovum is known as the decidua 
reflexa; the part where the ovum first becomes attached to the uterus and where the 
placenta is afterwards formed, is the decidua sej-otina, while the membrane lining 
the true cavity of the uterus, is termed decidua vera (figs. 60, 51). 

With the subsequent growth and consequent expansion of the ovum the enclosing 
decidua reflexa expands also pari passu^ encroaching more and more upon the trne 
cavity of the uterus and coming into contact everywhere with the decidua vera. 
Eventually it blends entirely with the decidua vera, so that the two layers are indis- 
tinguishable and the oiiginal cavity of the uterus is obliterated (except at the 
cervix uteri). 

> The following acconnt of the formation of the decidn» and of the placenta is confined as much as 
possible to what has been observed in the human subject. In other mammals important variations in 
the mode of attachment of the ovuip and in the formation an4 structure of the placenta are found to 
opcur, 
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Both the decidua vera and the decidaa reflem oriirmally cotitaia tubular and aomenhat 
tortnona glands, which were dieoovered by Sharpey, and were by him aupposed to miniBter, in 
the first instance, both to the nutrition and to the attachment of the ovum, the latter by 
affording depressions foe the chorionic villi to penetrate into the substance of the decidua. It 
has. however, since been shown that these villi do not directly pass into the ulanda. but 
rather tend to become attached to the interglandular surface, and indeed at the decidua 
^retina, where subsequently the main attachment of the chorionic villi occurs, the gland- 
lumina may become almost entirely obliterated before the villi ai-e here formed. But the 
greatly enlarged glandu of the decidna vera very probably famiah a secretion to oesist the 
nouriahiuent o( the ovnm previously to the full establishment of the placental circulation. 



Fig, 60. — DiAORimiiTic section of 

EioHTU WEKK. (Allen ThonjBon. ) 

c, c, opeoings of Fallopian tubes into tbe entity of the iiterue ; c', cervix, filled by a plug of inncin : 
the letters c and c' are placed vithin Ifae original cavity of the uterus ; dv, decidua vera ; dr, deciJun 
refleria ; dt, decidua serotina ; cA, choriob with its villi growing into the decidua refleia and d. 
serotina : in the farmer the villi are becomiuK atrophied ; u, umbilieal card, the dotted lines indicak- 
bloodvessels vitbin it ; al, allanUiis ; ,v. Jolk sac (umbilical vesicle) ; y\ its stalk, passing in the 
umbilical card and connected with the iuteatine of the embryo, i ; am, amnion. 

The decidua imdei^oea remarkable structunil chano;e!i dnriog the early months of 
pregnancy, some of these changes being common to alt three parts of the membrane. 
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whilst others are special to that part (d. serotina) which enters into the conBtraotiott 
of the placenta. The following is a brief account of these changes.' 

With the supervention of pregnancy the mucous membrane iining the ntems 
becomes thickened and the tulmlar glands become both dilated and greatly elongated. 



Fig. 51.— An>ero-p< 

miRDB AND ovDM OF FIVE wEEiu. (Semi-dia- 
graminatic. ) (Allen Thomson.)' 
a. Ulterior ; p, posterior uterine wall ; nt, moB- 
CdUt substance ; u, placed in the cavit; of the uterua ; 
g, the gloniitilar layer of the decidua vera ; r, the 
decidua reflexa ; g, dcejdua serotina ; e, cervix uteri ; 
ck, chorian with ita rilli, which are more higlily deve- 
loped on the placental side ; e, the embryo encloseil 
in the amnion, with the allantoic veasets passing along 
a ehort allBnloic stalk into the placenta, and the 
nmbilioa] vesicle lying free in the space between 
amnioii and chorion. 

Pig. 51*. DuaRiMMiTIC SECTIONS or THB VTEllIN* MCCOIIS HIWBRiMK, 8H0WIHO THE CHAltOM WHICH 

THB obANDa uNDERau witH THE ijUPBRViMTioH Of pRBoNAijCif (from Kundrat and EDgelniADn). 

A, Diagram of the gtanJs of the non-prcgnont uterua ; ni, muscular layer ; B, condition of the 
glands at the be^nning of pregnancy ; r, compact layer near free surface of deciclua ; the glands are 
here somewhat enlarged but not very tortuons, and the mucous membrane is rendered compact by 
hypertrophy of the interglaiidular tissue ; sp, stxingy layer, coutjining the middle portion of the 
glands greatly enlarged and tortuoiLs, producin)^ a spongy condition in the mucous membnne ; i^ deepest 
portion of the glands, elongated and tortuaus, but not much enlarged. 

This thickening of the membnuie and enlargement of the glands goes on until the 
fifth month, bo that by this time the decidua vera ia nearly half an inch in thickness 
and its glands have undergone so considerable an elongation that they now no longer 
pass nearly straight through the membrane but run in a tortuous manner from Uie 

' for a more complete account of the changes in the uterus, and of the placenta, tha rewler !■ 
referred to the list of papers at the end of this section, but especially to the works of Kundrat and 
Bngelmann, Leopold, and Minot, and for the comparative structure of the placenta to the classical 
invesUgations of Turner. 
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inner Buiface to the vascular layer, so that a vertical section of the membrane exhibits 
them cEt quite as often obliquely or transversely as longitudinally. They are also 
generally dilated, but the dilatation is by far most marked at the mouths of the 
glands, which come thus to have a funnel-hke shape, and in the deeper part of the 
membrane, where the dilatations look in EectionB like a series of cavities, lined by 
cubical or flattened epithelium, and separated from one another by a relatively 
small amount of intei^Iandular substance. This gives a spongy appearance to the 
part in question, and it has been accordingly termed the ttralvm epoiu/wsum of 
the decidua (fig. 51*, B, up). The deepest part of the glands, that, namely, which is 
in contact with and is imbedded in the superficial portion of the muscular coat, does 
not share in this dilatation, and its epithelinm also retains the columnar character. 
The part of each gland between the funnel-shaped month and the dilatations above 
described, also becomes enlarged, but not to so great an extent, the hypertrophy of 
the mucous membrane being here chiefly confined to the interglandular tissue, which 
becomes filled with large epithelinm -like cells (decidual cells of Fricdlander) and 
with numerous and large capillary blood-vessels. This layer of the decidua has 
been termed the stratum eompachim in contradistinction to the stratum spongiosum 
external to it (fig. 31*, B, c). 

After the fifth month, by which time the great increase in size of the ovum with 
its contained embryo has brought the decidua reflexa into close contact with the 
decidua vera, the latter begins to undergo an atrophic process, the result to all 
appearance of the compression and distension to which it is thus subjected. Its 
tissue becomes thinner and leas vascular, and both the funnel-shaped mouths of the 
glands and those parts of the glands which rnn through the stratum compactum 
become gradually obliterated, so that eventually hardly any trace remains. In the 

Fig. S2. — DUOBAKMATIO NKCTION TBROUOH THE DKCIDIT.B 

At THK EtKiE ov tHE PLACIKTA (ffom Kandrat and '^ 

KngBlniann). 
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stratum aiiongioanm the spaces which have 
resulted from the dilatation of the gland tubes 
lose the lining epithelium, and become flattened 
out conformably to the surface, so that they now 
appear as a layer of compressed lacuna, sepa- 
rated by thin fibrous trabecnlse (fig. 52, sp.). 

Similar changes occur iu the decidua refiexa. 
That this is trnly a fold of mucous membrane is 

evidenced by the fact that gland tubes can be _^-^^,_— _ 

seen to open upon both its surfaces. These gland ^,^ ^,g 

tubes early become enlarged, and acquire an 

oblique or tortuous course, with dilatations in their deeper parts, i.e., in the middle 
of the thickness of the d. reflexa, so as to form here also a sort of upongy tissue. 
But the decidua reflexa sooner becomes expanded by the growing ovum into a 
relatively thin membrane, and the atrophic changes in the glands occur at an 
earlier stage, so that by the time that it has coalesced with the decidua vera hardly 
any traces of them can he discerned. 

In the decidna serotina (placental dectdua) similar changes have been described 
in the glands, the final result being the formation of a spongy layer, with irregular 
cleits flattened out conformably to the surface, and from which the epithelinm has 
entirely disappeared, accompanied by complete atrophy and disappearance of all the 
parts of the glands which are superfici^ to this layer, the only portions which 
remain nearly unaltered being the deepest part« of the tubes, which are partly 
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^m. amoioD ; CAo, i-borioD ; Vi, root of a villus ; n', sections of tfa« nmi6aitiaiu of villi in the 
intervilloiu spaces, the larger blordie«sela witbin tliem are represented black : i>, deep laj^er of the 
deddua, sbowiog flattened remnontB oE enlarged glandB in apODg]' slratom ; F'c, uterine vein {! utei?) 
ope&ilic onl of placental nniu ; He, niuscular vnll of ntenia. 
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imbedded in the muscular coat of the uterus, and retain their epithelium. After 
separation of the placenta from the aterioe wall at parturition, the uterine mucous 
membrane, with ita epithelium and glands, becomes renewed from this deepest portion 
of the decidua serotina. 

The most important changes of structure occur in the supeilicial part of the 
placental decidua, after the disappearance of the glands. The exact manner in 
which these changes take place has not been followed out, but the ultimate result is 
the replacement of the whole of this portion of the decidua, with the exception of a 



Pig. 54. SePTIONS JU.nSTII4TIK<i THB STKfcn'KE U^ TUE PLACENTA (Minol), 

A, Tertical section tliroDi-h the margia of & pUeeata Si fnll term ; D, D, deep layer of d«ciJu» ; 
Vi, chorioDic villi Tsriously cut, their blooilTeBHels injected ; ^'i. iDargiDsi iipace of tbc plncenta. 
Dearth free from villi ; if, aborted villi bejond the placenta ; Fib, canatiztd Sbrine of I^nghaiis, 
pioduced, according to Minot, by transfonaatioD of tiic superfii^iai layer of tbe cfauriuuic cpiLlast. ' 

B, decidual tissue from a placenta at full term ; v, a bloodvessel ; d, if, decidual cells ; the latter 
with sereral nuclei. 

comparatively narrow basal layer next to the apongj- structure, into a series of inter- 
communicating vascular sinuses, which together constitute an immense flattened 
space (intervillous space), bounded internally (toward the uterine wall) by the basal 
layer just referred to* and externally by the chorion ; also, according to some 
authors, by a thin layer of decidua, the subchorionic membrajie of Turner, which is 
described as lying immediately under the chorion of the ovum but so intimately 
incorporated with it as to be with difficulty demonstrable as a separate sti^atum 
except at the edge of the placenta. 

From the basal layer, partitions of fibrous decidual tissue pass towards the 
chorionic surface, and serve to partially snb-divide the labyrinth of vascular spacer or 
sinnses into a number of loculi (cotyledons). Each of these loculi is occupied by an 
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arborescent tuft of villi continuous with the fojtol chorion, and traversed by blood- 
vessels which are supplied from the branches of the umbilical arterieB. These 
blood-vessels form a capillaiy loop in each villus, and these capillary loops me 
separated from the maternal blood in the placental sinuses not only by the capillary 
walls and the connective tissue of the villus, bnt also by a double layer of flattened 
epithelium-like cells derived either from the chorionic epithelium (Alinot),' or from 
the decidual tissue, and, perhaps, in part representing an endothelial membrane 
belonging to the placental sinuBos, which, according to Waldeyer, are lined by endo- 
thelium prolonged from that of the uterine Teesels. 

Some of 'the chorionic villi are attached (1) by comparatively stout bands of 
fibrous tissue to the basal stratum of the decidoa, (2) by finer bands of similar 
substance both to one another and to the 
septal prolongations of the decidua; others 
hang freely into the placental sinuses. 
These sinuses are supplied directly with 
arterial blood from tortuous branches of 
the uterine arteries which pass through tlie 



Fig. ;iri.^Dl*oBiii 3 



Tih; 



F, foetal tiasuo ; M, maternal tissue ; rf, bloo.1- 
vesMls in Tillus ; (f , blood in plaoenlal sinus ; 

(■, lnjer of cells covering rillua ; i, bueinent mem- ''^ *' — Duoiu* or thb plackbta (E. A. 8. ). 

brane covering villus (? CDdothelinm) continued from am, amnion ; ck, chorion ; ., placental sinus ; 

uterine vesaels ; ih, decidua serotioa ; (, tissue dt. decidua serotina ; <ji, spongy laver ; m,' 

uniting villus to decidua ; ea, up, ulcrine vessels muscularis ; o, r, uterine artery uid vein opan- 

openmg info sinua. ing into placental sinus. 

spongy Stratum of the decidua serotina and through the basal stratum of the 
placenta to open into the sinuses without the intervention of capillaries. Prom 
the sinuses veins, which run very obliquely through the decidua, carry oflf the blood, 
and eventually pass into the veins of the muscular wall. The f(etal villi are thus 
bathed by slowly flowing maternal arterial blood, and respiratory and nutritive 
exchanges may occur between the two kinds of blood, but there is no actual mixing 
 Minot describes both Die villi and the sinusea of the placeoU M bounded by the chorionic epitbeliam 
This would agMB Tcij well with recent observations in the bat, hedgehog, and other mammalB, which 
show that these spaces ar« originally developed in hypertrnphied epiblMt (see neirt page). 
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of the two fluids, nor ia it possible to inject the foetoB from the mother thi-ongh the 
placenta, or the mother from the foetus. 

The qnestioQ, which has been more than once raised, whether the int«rviUauB spaces 
uonnally contain blood, mav be now regarded as settled in the affirmative. It has been 
UBtiBllr held that they represent capillaries or veins of the deoidua, which have become 
dOat«d and fused together to such an extent as to occupj' the whole thickness ot the 
placental part of that membmne, with atrophy ot the intervening decidual tissue, which 
merely remains as a coverini; to the villi. But since the placental sianses appear to be 
bonnded snperGciall; by the chorionic covering of the ovum, and it is in most places not 
possible to detect any deoidnal tissue between them and the chorion, it has been conjectured by 
Bome writers (Kiilliker, Longhans) that they have become formEd by eztiavasation of blood into 
a space between the ovum and the decidua, into and across which space the chorionic villi 
hare grown. Although the development of these stnictnree is insufficiently known in Frimat^e. 
it baa been shot^n in various mammals (Selenka, Buval, Hubrecht, Masius) that the first 
attachment of the blastodermic vedcle to the uterine wall is effected by the external layer of 
the epiblaft, which sometimes splits off over the embryonic area as a distinct layer, and 
which, in some animals Cn-, liedfrehog), becomes greatly thickened, and is connected by 
epiblnsttc villi to the decidua. This external layer of epiblast, for which Hubrecht has pro- 
posed the general name of trnphoblait, causes the absorption of the uterine epithelium both- 
of the surface and of the glands (where this epithelinm has not previously been cast off) 
Mid comes directly in contact wit^ the enlart^inK decidual vessels, the endothelium of which 
is actively proliferating. Within the thickened trophoblast clefts now make their appear- 
ance and are presently found to be occupied by matemid blood, which in derived from the 
vessels of the adjacent hypertrophied decidua. This blood fiowa therefore into spaces in the 
trophoblast, which are only boimded by fcetal epiblast, and this primary placental circulation 
may be formed before any fcetal blood-vessels have reached the chorion. Subsequently, when 
the vascular mesoblastic villi become fonned they extend into these spaces, pushing before 
them the epiblast ; by this layer they rentain permanently covered and it also lines the 
enlarged spaces into which tliey have extended. 

The placenta is composed of two parts, one foetal, composed of chorion with 
its villi ; the other maternal, formed from decidua scrotina. In its completely 

7\^ 57. — Thaksversk secttoh of a villus wmn 

A PLACINTA 01 GKVm MONTHS (Miuot). 

Three blood-vessels are seen within Ihe villus, 
imbedded in a jelly-like connectire tissue coDtaining 
cells and fibres ; a, a, cell-layer covering villus 
(epiblast scconling to Mlnot ; according to othon 
of decidual origin) ; /, a thickened portion of this 
cell-layer, which has undergone a fibrinous tiausfor- 
mation (canalised fibrin). 

developed condition, it is a circular discoid 
mass, weighing about a pound, 7 or 8 inches 
in diameter,thickestat the centre (1^ inch), 
and thinning away towards the edges, 
which are continuous with the compara- 
tively thin coalesced deciduse and chorion. 
Its inner surface is smooth and concave, 
and is closely covered by the amnion as by 

a serous membi-ane ; under this the larger branches of the umbilical vessels course 
before dipping into the substance of the placenta. From near the centre of the 
organ the umbilical cord passes olT to the foetus. Its outer surface is incorporated 
with the uterine wall, but when detached from this by tearing through the spongy 
tissue of which the deeper part of the decidua is formed (as occuib in parturition at 
the expulsion of the foetus), the outer surface appears ragged and irregular, in 
striking contrast to the smooth amnion- covered Inner sm'face. Examined under 
the microscope, the chorionic tissue (villi) of the placenta is found to be composed 
of jelly-like connective tissue, with branched and anastomosing cells (flg. 57) : in 
some parts of the lai^ei' stems white fibres are seeu. What remains of the decidual 
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tissue has a fibrous appearance, with rcry numerous decidual cells, which frequently 
obscure the fibres (fig. 54, b). Iq and after the fifth month of pregnancy, a number 
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This evil 
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serotina, 
later stage 



s supposed to be of thirteen dnyn after imprt^- 
nnUnn TJ]« surface bure of rilli is that next the wall of the 
litoos, showing at e, the opacity produced by the thickened 
embryonic dise. The villi covered chiefly the margitial parts of 
the surface. 

of large multinucleated giant cells are found scat- 
tered about in the tissue. They occur most abun- 
dantly in the outermost layer of the decidna 
have been described by Friedlander and by Leopold as growing at a 
(eighth or ninth month) into the veins which pa£s through this layer, so 
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as to produce a partial blockage of these veioa, jmipariitory to the detachment of the 
placenta from the layer. 

The Tilli do not at first cover the whole surface of the ovum, but are deficient at 
the embryonic, and perhaps also at the opposite, pole. la the earliest human ovnm 
which has hitherto been described, 
that of Reichert (fig. hB), the villi, 
which are quite simple, occur in a 
broad zone around the circumference 
of the ovum, leaving the (somewhat 
flattened) poles smooth and free 
from villi, and on one of these poles 
a thickening of the wall of the 
vesicle could be detected, which was 
probably the embryonic area. But 
in all other early human ova which 
have been noticed, the chorion, 
which is now formed by the false 
amnion, is covered with ramified 
villi (shaggy chorion), and these are 
already vascularized from the alJan- 
tois, and have grown into the sub- 
stance of the decidua reflesa and the pig_ oo.— Pobtiok o» am injbctbd tillcb fbo* k 
decidua serotina, the formation of PLACBUTi of abodi vive hombh (Minot). 

the placenta having already begun. 

S«pafatioa of the dooidaa at birth, and regen«ratioii of the 
nteriae maconi membrane. — In parturition, the pressure of the contracting 
muscular walls upon the uterine contents, and especially npon the amniotic fluid, 
causes a bulging of the membranes (consisting of the combined decidnee, the 
chorion, and the amnion) through the os uteri. When the membranes are ruptured, 
the amniotic fluid first escapes, and subsequently the fcctus is expelled. With 
fnrther contraction of the uterus, the placenta becomes detached from the uterine 
wall, separating along the plane of the dilated parts of the glands (stratum epongio- 
Qum of the decidua serotina), and as it is expelled, the separation extends around the 
decidua lining the rest of the uterus, which appears in the " after-birth " along with 
the chorion and amnion as a thin membranous skirt to the edge of the placenta. The 
deepest part of the decidua containing the bases of the uterine glands is everywhere 
left in connection with the muscular tissue, and ttom these basal portions of the 
glands, first the whole of the uterine glands, and subsequently the lining epithehum 
of the uterus become gradually regenerated. 
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DEVELOPMENT OF THE NERVOUS SYSTEM. 

As has been already described, the whole of the central nervous system takes origin 
from the thickened walls of a dorsally situated axial groove, subsequently converted 
into a canal, which runs forAvards in front of the primitive streak, and the anterior 
end of which becomes enlarged and converted by constrictions into three successive 
vesicles, around which the several parts of the brain are formed, and which are 
known as the primary cerebral vesicles. The remainder of the neural canal is of 
nearly uniform diameter, and its walls become converted into the substance of the 
spind cord, while the cavity itself becomes eventually the central canal of the cord. 
The walls of the neural groove are of course composed of epiblast, and it therefore 
follows that the whole structure of the central nervous system is laid down in 
epiblast, and consists in the main of more or less modified epiblastic elements, except 
where mesoblastic tissues subsequently penetrate into it, conveying blood-vessels 
into its substance. As was shown by Balfour, the same is in all probability true for 
all the nerves of the body, cranial and spinal, which either, as with the fibres of the 
anterior roots of the spinal nerves, grow directly out firom the neural epiblast, or, as 
with the fibres of the posterior roots, are formed and grow from masses of epiblast 
cells, which are separated off at the junction of the neural and general epiblast to 
form the ganglia, from which the posterior root fibres appear to take origin (His). 
An exception must, however, be recorded for the olfactory tracts and bulbs and optic 
tracts and nerves, which, although derived from the nem'al epiblast, yet have a different 
mode of origin from all other nerves, both cranial and spinal, since they arise not as 
solid outgrowths of that epiblast, but as hollow protrusions from the brain, which 
only become solid at a later stage of development. We have then to consider the 
manner in which are developed (1) the spinal cord ; (2) the several parts of the 
brain ; and (3) the spinal and cranial nerves and their ganglia, as well as the ganglia 
and nerves of the so-called sympathetic nervous system. 

DSVXIiOPMBKT OF THE BPINAIj OORD. 

Soon after the neural canal is closed (fig. 82, p. 81), it takes the form, along the 
greater part of the length of what is afterwards to become spinal cord, of a cleft- 
like cavity, with thick sides, and a relatively thin dorsal and ventral boundary (roof 
and floor). The parietes of the canal are wholly composed of long columnar epithe- 
lium cells, whose free borders, which are at first smooth, but later become ciliated, 
line the cavity, and whose attached extremities rest upon a homogeneous limiting 
membrane which early makes its appearance, bounding the embryonic cord, and 
separating it from the surrounding structures. These cells, therefore, extend at 
first through the whole thickness of the embryonic cord, and they have the closely- 
set, palisade-like character, with the nuclei at different depths, such as it is usual 
to find in long columnar epithelium. 

After a time, it is found that the cells (which have become always longer with 
the increasing thickness of the wall of the neural canal) show a tendency to branch 
and to unite with the branches of neighbouring cells. In this way a network or 
spongework is produced, which extends throughout the greater part of the thickness 
of the embiyonic cord ; at the same time the inner parts of the cells which immedi- 
ately line the canal retain their palisade-like arrangement, while the external or 
attached ends often exhibit a radiating disposition, which gives a characteristic 
radial character to the external layer of the reticular structure. The reticulum is 
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termed myeloapongium, and the cells by which it is formed are Bpoken of as gpongio- 
blasis (His) (fig. 61). 

Between the inner ends of the columnar epithelium cells or spongioblasts there 
is seen at a comparatively early period (four and five weeks in the humaa embryo) 
a number of rounded cells, with a considerable amount of clear protoplasm, forming 
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an inten'upted layer in this innermoBt zone. Their uuelei are mostly in one stage 
or another of karyokiueais {fig. 65). .They are termed by His the (/errnmal cells, and 
according to him they give origin to tlie cells next to be described. 

The third kind of cell {neitroblasl) met with in the cord of the early embryo is 
one with a relatively large o\'al nucleus, and little protoplasm, hut with a tapering 
protoplasmic prolongation directed outwards towards the surface of the cord. These 
cells are found in gi'Oups, at first only in or near the layer of germinal cells (fig. 63), 
but subsequently in the outer layers (fig. 64). The prolongations ai-e the com- 
mencements of the nerve-fibres, and they mostly converge either straight or with 
an arcuate coursc'towards what will subsequently be the place of exit of the fibres of 
the anterior roots. 

The outermost layer of the embryonic cord after the differentiation of the 
varions kinds of cells above described is free from nuclei, and is composed of the 
partly reticulated, partly radially arranged external or attached extremities of the 
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BpongioblastH. This moy be taken to represent the white matter of the cord at this 
Btage (all the rest representiog grey substiince) ; but there are at first no nerve fibres 
in it, the only Btmoturea which can be at all compared to nerve fibres being the 
prolongations of the neuroblasts, and these lie either as arcuate fibres altogether in 
the outer part of tJie grey substance, or are passing out of the cord as the beginnings 
of the anterior roots from a mass of neurobiastB which forms the rudiment of the 
anterior cornu of grey matter (fig, 65). This mass constitutes in the human embryo 
of six weekB (fig. 66) the chief portion of each half of the cord. It forma a con- 
siderable projection which latarally almost reaches the surfece, but ventrally is sepa- 
rated from it by a thickening of the external or i-adial zone, due to the appearance of 
loagitndinally coursing nerve fibi-es within it ; this is the beginning of the anterior 



Fig. 65.— Sbmios ov spmiL cord or four wkeks bi-jiik kmbuvo (Hia). 
Tbe poBterior toota are mntinuEil within tho cord into & Hmall loDGitudinil bundle wbicb is the 
rudiment of the portcrior while column. The anteriipr roota ars formed hj- the eonvergenoe of the 
procenes of ilie Deuioblaxte. The latter, along with tbe elongated cells of the niyelospongiam compose 
th« grej matter. The extenial U;er of tbe cord is traversed by radiating fibres which are uie outer ends 
of the BpongiDblastB. The anterior coffiiuisaure is beginning to appear. This figure is much more 
magnified tkau the ueit one. 

Fig. 66.— Tmssi-KMSK sbction or the cuKvioiL niii uf ras bvihal cuhp uv a uv-tin 
EMBtttu or SIX WEEU (from Kolliker). f 
c, centi&l caoal ; e, its epithelial lining ; at t' (superiorly), the original place o( closure of the cuul ; 
n, the wbite substance of the anterior colunins ; y, grey subetauce of antero-laleral bora ; p, posterior 
column ; ar, anterior roots ; pr, i>osterior roots. 

white coiunm (a). By this time, also, although to a rather less ext^^nt. the posterior 
white columns have, simidtaneonsly with the posterior roots, begun to make their 
appearance on cither side of the narrow dorsal part of the neural canal (p). There is, 
however, only a relatively thin layer of grey matter (neiuoblasts) separating the 
posterior white columns from the palisade-hke lining of the canal, and as yet no 
sign of nerve fibres in the situation of the lateral colomns, which are only repre- 
sented by a thin layer of the radial myelosponginm. The roof and floor of the 
canal are also qnite thin and undeveloped. 

At this period there ia still no sign of either imterior or posterior (dorsal or 
ventral) fissures of the cord. These become formed as the comua of the grey matter 
grow out from the c«nti'al masB, and as the anterior and posterior whit« colnmns 
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increase io ezteut. The anterior fieeui'e in Bimplj a cleft left between the enlar^ug 
Uteral halves of the cord ; the anterior comraiBSure is foimed across the bottom of 
the cleft, which is thereby separated from the central canal. As for the posterior 
fissure, it is uncertain whether it is in part foimed from the dorsal portion of the 
conBtrict«d canal, which has become occupied by an ingrowth of pia mater, and 
conTerted into a mere septum of connective tissue, or whether this fissure with its 
connective tissue septum becomes formed independently of the central canal, which, 
as the fissure estenda, gradually atrophies until it is eventually converted into the 
rudimentary epithelial tube which is persistent during life. 

In the gacinl r^ion of birds, tlie central canal expands into the rhomboidal Hinns, and in 
the tiltim tcriniiKik of the human cord it remains relatively large. An open enl&igement 
analogous to the rhomboidal sinos of birds, although relatively smaller, has been described b; 
Tiedemann in a nine-week human fostus. 

The cord is at first oblong oval iu section, with an angular depression in each 
side which serves to mark off the gituation of the future posterior columns and 
their corresponding grey matter from the antero-Iateral region. These two parts of 
the lateral neural epiblast may be distinguished as the doiso-lateral (alar) and the 
ventro-lateral (basal) laminoe ; with the former, the afferent nerve-fibres become 

Fig. 67. — fiKAin AKD SPIKAL COHD EXPOBUl FROX BGHIND IH 1 FffiTUS OF 

THREE XONTBS (from KSUiker). 

t. the hemispherus ; ni, the tuessD cephalic Teslcle or corpora qnadrigeinina ; 

c, the cerebellum ; below this are the medulla oblongata, tno, and foiittb »en- 

tricle, with remaina of the membraiia obluratoria. The spinat cord, i, eiteDda to 

the lower end of the eacral canal, and ehovg brachial aod crural enlargementa. 

connected, whilst from the latter the efferent fibres take origin 
(His). In the human embryo of six weeks, they are well marked 
off ftom one another, and their respective connections with the 
posterior and iinterior nen^e-roota are very distinct (fig. 6(i). In 
the upper part of the cord, the lateral nerve-roota (spinal acceasoiy) 
also arise from the basal lamina. The characteristic cylindri<»l 
form of the cord is only attained with the development of the 
lateral columns. The cervical and lumbar enlargements are mani- 
fest at the end of the third month. 

Up to the fourth month, the cord and the vertebral canal 

increase in length jmri passu, but the vertebral column then 

begins to grow more rapidly than the coi-d, so that by the time of 

birth the coccygeal end of the cord Is opposite the third lumbar 

vertebra, while in the adult its limit is the lower end of the first lumbar. Along with 

this relative shifting of the cord and its containing tube, the lower nerve-roots lose 

their regular rectangular couree, and become oblique. They alone, with the 

filum ferminak, occupy the lower end of the neural oanal, where they fonn the 

tauda equina. 

The nerve fibres of the white columns are at first entirely non-medullated, and 
the white substance has a greyish transparent appearance. The mcdnllaiy sheath 
is not formed simnltaneously in alt parts, hut appears at different times in different 
parts corresponding with the tracts of conduction ; the last of these tracts to become 
medullated are the pyramidal tracts. 

The membranes are formed from mesoblast of the protovertebrte, which extends 
over and under the cord, and becomes enclosed along with that structure within 
the developing vertebral canal. The septa of connective tissue which are seen 
penetrating into the substance of the cord from the pia mater grow iu from this 
mesobUst, carrying blood-veeeels amongst the nervous elements. The neuroglia or 
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general gustentacular substance of both white and grey matter is probably derived 
from the spongioblasts, and is therefore, like the nerve-cells themselves, of epiblastic 
or gin. 
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We have already traced the development of the cephalic part of the neural tube 
as far na the formation of the primary cerebral vesicles. These, which are at first 
three in number (fig. 40), become subdivided so as to form five in all, which may 
be termed in succession from before back, the first, second, third, fourth, and fifth 
secondary vesicles. Of these five parts the first two, which represent the cerebral and 
thalamic parts of the future brain (third ventricle), are derived from the first primary 
vesicle, and the last two, the cerebellar and bulbar parts (fourth ventricle), from the 
third primary vesicle, while the third, middle, or quadrigeminal part, represents the 
undivided second primary vesicle (Sylvian aqueduct). These relationships, as well 
as the several parts of the brain which are eventually respectively formed in connec- 
tion with the vesicles, are shown in the subjoined table. 



I. Anterior primary vesi- 
de or fore-brain 



^ First secondary vesicle 
(^prosencepJialan) 



Second secondary vesicle 
(thn lamencephalm) 



( An tenor end of third ventricle, fora- 
mina of Monro, lateral ventri- 
cles, cerebral hemispheres, olfac- 
tory bulbs and tracts, corpora 
striata, corpus callosum, fornix. 



I 



II. Middleprimary vesicle I Third secondary vesicle 
or mid-brain (. (insseneephalon) 



( Third ventricle, optic nerve and 
retina, optio thalami, pituitary 
and pineal bodies. 

Aqueduct of Sylvius, corpora quad- 
rigemina, crura cerebri. 



III. Posterior primary vesi- 
cle or hind-brain 



' Fourth secondary vesicle 
(epeiiccphalan) 



Fifth secondary vesicle 
(metcncephalon) 



/ Cerebellum. Pons. 
J Fourth ven- J 
i tricle j 
\ V Medulla oblongata. 



The first and most striking change which occurs in the primary brain is the 
outgrowth on either side of the first primary vesicle of a hollow protrusion {primary 
optic veaicle\ which becx)mes developed eventually into optic nerve and retina 
(fig. 68). The changes which it undergoes in the formation of these structures will 
be considered when the development of the eye is dealt with ; suffice it for the 
present to say that the firee hollow communication (optic stalk), which at first exists 
between the forebrain and optic vesicle, becomes gradually narrowed and at length 
obliterated, and that as development proceeds, the connection of the optic stalk 
becomes relatively shifted backwards, so that when the anterior part of the fore-brain 
is distinct from the posterior part, or thalamencephalon, the optic vesicle is connected 
wholly with the latter, a relationship which is maintained permanently, although 
partially obscured afterwards by the later connection which is formed between the 
optio tract and the mid-brain. Subsequently another pair of hollow outgrowths 
sprouts from the fore-brain, and these rapidly extend forwards, laterally and back- 
wards ; they form the vesicles of the cerebral hemispheres. From the roof of the fore- 
brain (second vesicle) a median hollow protrusion grows upwards and forwards for a 
certain distance towards the vertex, and from the fioor of the same vesicle another 
somewhat similar protrusion passes downwards and backwards towards the roof of 
the mouth. The former is the rudiment of the pineal gland, the latter of the 
infundihulum, which becomes involved in the formation of the pituitary body. 

The principal parts of the brain appear as thickenings in diiferent parts of the 
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wails of the reaicleB. Thus the corpora striata are formed in the floor of the hemi- 
sphere vesiclea, whilst the priocipal maES of each hemisphere fs formed from the 
roof and sides (mantle) of those vesioies, and the olfactory lobes are hollow ont- 

« Pig. S8.— Fori- PART of the embryo anonn m no. 38, 

^ VIERBD FROM TUK IMRSAL SIDB. 'f. {?lQm Ktilliker.), 

/*, fore-braiTi ; e, ocular veaicles ; iV, mid -brain ; H, hlod- 
brain ; h, part of the heurt seen bulging to the righC ude : 
('oui, oniphalo- mesenteric or vitelline veins entering tbe 
heart poneriorlj ; Mr, metlulliu? canal, spin&l part ; 
p, prato-vertebml HomitC!). 

J gi-owths from them. The cavities of the hemi- 

Bphere-rcsiclcs become the lateral Tentricles, and 
the cavity of the part of the fore-brain (or first 
secondary vesicle) from which they spring, forms 
the anterior extremity of the third ventricle. 
The optic thalamus is formed by a thickening 
of the lateral wall of the second vcatcle, the 
cavity of which comes to be the main part of 
the third ventricle ; che corpora qnadrigemina 
' m are thickenings in the roof, and the crura cerebri 
thickenings of the sides and floor of the third 
vesicle, which becomes the aqneduct of Sylvius ; 
the cerebellum and pons are respectively thick- 
' enings of the roof and floor and the crura cere- 
belli of the sides of the fourth vesicle (anterior 
part of hind-brain), the cavity of which becomes 
the anterior (superior) part of the fourth ven- 
tricle ; and Anally, the medulla oblongata is 
developed as a thickening of the wall of the 
tifth vesicle, the cavity of which expands from 

the central canal of the spinal cord to form the calamus scriptoriua of the fourth 

ventricle. 

On the other hand, L-ertaiu parts of the walls of the vesicles become thin and 

greatly expanded, and even eventually project into the cavities as folds of epithelium 



h, cerebral hemisphere ; olf, a\S»iAotj lobe 
nnd nerve ; il. corpua ntriittum : le, Istetnt 
ventricle: ac, anterior eammUsuTei ^.lamina 
tcrminalts: opf, optic commissure; pit, pitui- 
tary giand; in/, infuDdibulum; rai, internal 
carotid artery ; r", third ventricle ; cA'. cho- 
roid pleiuE of third ventricle ; pin, pineal 
gland : bg, corpora bigemina ; Rinr, anterior 
luedullary velum ; below vhicb two laat 
references are the aqueduct of Sylviun and 
crura cerebri ; eW, ccrebelluiu ; i-*, fourth 

ventricle : ha, basilar artery : pi, pons Varolii ; cS', choroid plexus ot the fourth ventricle ; oW, medulla 

oblongata ; r, roof of fourth ventricle. 

covering ramified vascular expansions of pia mater (choroid plexuses). These 
vascular expansions occur along the lower border of the mesial surface of each 
hemisphere- vesicle (choroid plexuses of lateral ventriclesj ; along the loof of the 
second vesicle {choroid plexus of third ventricle), and in the roof of the fifth vesicle 
(choroid plexus of fourth ventricle). 
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While these changes are going on in its walls the embryonic brain does not 
remain straight as at first, with its axis in a line with that of the spinal cord, bnt 
undergoes certain flexures (fig. 70), the general result of which is to bend the 
anterior end towards the ventral surface. The first of these flexures to make 
its appearance is a sharp bend opposite the base of the mid-brain and around the ante- 
rior end of the notochord. The result of this flexure, which produces a complete 
doubling round of the anterior part of the brain, is that the mid-brain is for a time 
the most prominent part of the encephalon. Later, the growth of the cerebral 
vesicles, and of the thalamencephalon, brings these parts again into prominence, and 
tends to obscure the flexure, which is, however, never actually obliterated- The second 
cerebral flexure, which is also very sharp and well marked, occurs in the region of 
the hind-brain (pons Varolii). It is in the opposite direction to the first one, its 
concavity being directed towards the dorsum of the embryo, and it produces the 
appearance of a deep depression at the part of the brain where it occurs. The third 
flexure is a more gradual one. It occurs at the junction of the hind-brain with the 
cord, the embryonic medulla oblongata being bent ventralwards firom the line of 
direction of the medulla spinalis. 

The result of these flexures is that the axis of the embryonic brain takes a crook- 
shape, passing from the end of the spinal axis at first ventral, then dorsal, and then 
again ventral, finally bending sharply backwards towards its termination at the 
foramen of Monro. 

The second and third fiexures become eventually almost entirely obliterated with 
the further growth of the brain. 



FUBTHSB DSTAIIjS BXaABDINa THIS DBYBIiOPMSITC OF BPBOIAIi PABTS 07 

THE BRAIN. 

The fifblL cerebral vesicle: bulbar vesicle, or metencephalon. — This 
part of the embryonic brain, afterwards to become the medulla oblongata, often 
shows at its first appearance— especially in the chick — a series of slight constrictions 
(fig. 68), which have by some been taken to indicate a segmentation of the neural tube. 
But even where they occur they are quite temporary, and the fifth vesicle soon becomes 
a well marked dilatation opening out from the anterior end of the embryonic spinal 
cord. Its wall, like that of all the other cerebral vesicles, is composed of cells 
similar to those of the rest of the neural tube, and the histogenetic changes which 
occur to form the nervous tissue are also entirely similar. 

Sections across this part of the neural tube are of a compressed oval outline in 
the lower part (fig. 71, A, b), but in the upper part, which afterwards becomes the 
lower part of the fourth ventricle, the thinning out and lateral expansion of the 
dorsal wall of the tube gives to sections of this and the next (fourth) vesicle the 
shape of an irregular triangle, or shield, the base of the triangle being directed 
towards the dorsum (roof) and the sides bent more or less sharply inwards about 
their middle to unite with one another ventrally at the apex of the triangle (figs. 
72, 73). This bend serves to mark a division of each side of the tube into 
two parts, a dorso-lateral and a ventro-lateral, which correspond, both in their 
situation and in their relationship to afferent and efferent nerves, with the alar 
and basal laminae of the embryonic cord (p. 60), with which they are in fact 
continuous. The thinning out and lateral expansion of the roof in the region 
of the fourth ventricle tends to open up the angle which the ventral laminae 
form with one another, and to throw the dorsal laminae more to the side, so that 
what were previously the lateral boundaries of the neural tube come to occupy the 
so-called floor of the fourth ventricle, and since in this region the roof becomes 



Fig. 70.— pROflLI VIEWS OF IBS BBAIK OF HDMA7I RMBRTOS AT THKBI BEVIHAL STUU, 

A. Brain of od embiTo of alnat 15 days (Ifae embrjo iUelf is shown in fig. 117) rnaguiSed 36 
diameters. 

B. Brain of mi embryo about time and a half veeke old. The optic reside h)ia heea cat ftwaj, 

C. Brain of an embcyo about wen and a half weeks old. The optic stalk is cut through. 

A. optic vesicle ; it, vesicle of cerebral LemiBphere, first lecondary vesicle ; Z, thalamencephalon, 
second secondary vesicle ; H, mid-bratn ; /, istbinus between mid- and hind-brain ; Hh. fourth 
■econdnry vesicle ; N, fifth secondaiy veNcle ; Ob, otic vesicle ; Hf, fourth ventricle ; Nt, neck 
curvature ; Br, pons curvature ; Pm, mammilary process ; Tr, infundihulum ; Up (in B>, outline of 
hypophyeiB-fold of buccal epiblait ; M, ol&ctory lobe. In C the basilar artery is [«present«d along ita 
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reduced toa tliin layer of flattened epithelium, the subs'ance of this part of the- 
medalla oblongata is wholly formed by a thickening' of the shifted lateral boundaries. 
In these, the bend marking the distinction between the ventral and dorsal laminae — 
now by change of position mesial and external— continues to be evident, and is ia 
fact recognizable evea in sections of the fully-developed brain. 

Of tbe long itudiual cotniuiu of the medoIlA obloogata the restiform bodies first become 
prOQUuent (thiid month in ths hnman embryo). The (onUrior) pynunida are obriona in the fifth 
month, and the olivaiy tubercle aboob the sixth. Bnt before iulj of these, and indeed will) 





ng. 71.— SWTIOXg ICHOSa TBI BUIOR Ot TBI CAUXDB BOMPtOBtOS 

IS MO. 70, A (Hii.) 

A, region of the g1oe«ap1iai7nj(e&1 ganglian. 

B, of the saditory- facial gangUon. 



Fig, 72. — SlOTlOlIJ ACROSS thb foueti 

A, wctinn taken throngh the laver part. 

B, across tbe widest part (trigeminns region). 

C, tbrongh upper part (cerebellar region). 

r, roof of dcuikI canal : td, alar lamina ; U, basal lamina ', 



I VEHTUOLE or X BOHBWaAT OLDIft BHBBrO (1 



Pig. 73.— SsctioBs i 



A (at/). 



V, yeotral border ; t, tenia ; ot, otic vesicle ; rl, recessns labyriDthi, 

In tbe succeeding stage [not hsra repreeented) the angle at o has almort disappeared, the fold/ has 
extended over the alar lamina, and tbe two thickened halves are in the same horiiontal plane, corered 
by a greatly expanded and tbinned oot root 
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tlie eu'llest appearanoe of the nerre roots, the white bandies — sot jet mednllated, how- 
ever — which are known, as the ascending root of the fifth, and the aaoending root of the vajnis 
and glossopharTngfeal (solitary bundle) begrin to make their appearance, both being at first on 
the surface of the medulla. They gradnally, however, become covered in b; a folding over of 
the dorsal part of the alar lamina, and thus come later to lie imbedded in the snbstance of 
each lateral half of the medalla. Thia fold is shown in its conmencenient in fig. Ti, a and 
B,/. According to His the bundles grow downwards towards the spinal cord from the places 
of entrance of the corresponding nerre roote. emerging from the g'anglia, as in the case of the 
posterior spinal toots ; and after entering the mednlla grow graduall; along the course of the 
future fo-called ascending roots, so that the latt«r are at first Tlslble only in sections taken 
near tlie places of entiauoe of the nerve toots into the medulla. 

Tha fonrtli oervbral Ta«iol«; oaralMllaT veude, or cpMiMplutlon. — The 

coDfltrictioii, which is at first obvioua between this and the fifth vesicle, does not 
long peisist, so that the two together form & long boat-shaped cavitj which becomes 

Fig. 74.— MaDiiH BicTiuir throooh 

Uagnified 5 illameters. 
The mesial surfHce of the left 
cerebral hemisphere in seen in the 
upper snd right hand pHrt of the 
figure ; the Urge caviti o[ the third 
ventricle is bounded above and in 
front by a thin lamina ; below i« seen 
the infundihnluni and pituitnry bodf. 
Filling (he upper part of the cavitj 
is the thalamuH opticus : in franl and 
below this is the slit-like faranicD of 
Monro. Behind the thalamus is wen 
another slit-like opening which leads 
into the Etill hollow oitemal geni- 
culate bodf. 

o!f, olfnotory lobe ; p, pituitiiy 
bod; ; e q , corpora qoadrigemina ; 
c'l, cerebellum; m.o., medulla ob- 

the fourth ventricle. As in 
that part of this cavity which 
has ah-eadf been described with the fifth vesicle, the roof inferiorly becomes greatly 
thinned and expanded. Superiorly the tube becomes gradually more contracted and 
the roof thicker, this thickening being the rudiment of the cerebellum and of the 
valve of Vieusifna (fig. 74J. In the meanwhile a considerable thickening of the 
lateral boundaries, which, as in the medulla oblongata, have been thrown outwards 
by the roof expansion, occurs, and irom this the substance of the pons is gradnall; 
formed. 

The dorsal and ventral lamine of the lateral walls are still evident in this part of 
the embryonic brain. With the fonner, the sensory fibres of the fifth nerve are 
immediately connected ; with the latter, the motor fibres of the fifth and also the 
sixth and seventh nerves. 

In the human embryo the a«r»b«Uiuii is seen as early as the second month, 
forming a thin plate arching over the anterior part of this vesicle (fig. 74). Prom 
this plate, which enlarges only gradually, is formed the middle lobe ; later the lateral 
lobes grow out at the sides. The cerebellar surface is at first smooth, but a sub- 
division into the subordinate lobes occurs in the fifth month, and the folia appear 
about the sixth. In the seventh month all the parte of the organ, except the 
amygdaljB, are formed. 

Of the cerebellar peduncles, the inferior appear in the third month, the middle in 
the fonrth, and the superior in the fifth. The transverse fibres of the pons develop 
paripaasu with the lateral lobee, appearing about the fourth month. 
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The third cersbral vesicle: mesenoepliBloii; inld-bndii.^^In this region 
no expansion of the vesicle with thinning of the roof occars, as in the others, bat, on 
the contrary, the roof undergoes considerable thickening (fig. 74). About the third 
month, this thickening becomes separated into two by a, median groove. Tliese cor- 
respond with the corpora bigemina of lower vertebrates ; it is only in mammals that 
they become further subdivided by a transverse furrow. This appears in man about 
the fifth month, and the eminences, which are at first large in proportion to the size 

Fig. 75.— Ftrriii bbiih or jvs 

The brain ie repreBcnted la 
proGId, but the external tM of 
the right hemisphere hu been 
Temaied to show ths interior of 
tlie lateral Teotricle with the tor- 



pua atriatiini are iiifolclinga of the 
meaiui wall of the heaiisphcte c. 
vesicle. The letteringasiofig. 71. 

of the brain, thus become 
the corpora quadrigemina. ^ 

The fibres of the third 
nerve originate in the ven- 
tral lamina of this part of 
the neural tube : the teg- 
mentum and crtisia become "".o. 
formed ks thickenings along 
the saine lamina : the vesi- 
cle itself becomes the aque- 
duct of Sylvius. 

In the constriction between the third and fourth vesicles (Utkmus of Hia) the 
fourth nerve takes origin in the ventral plate of the neural tube. 

Tlie second cerebral veeicle (thnlamenceplialoiL). — It is ^m this part 
of the neural tube that the primary optic vesicles are developed in the earliest 
period, and they are for some time in free communication with its cavity along the 
hollow optic stalks. But with the formation of the optic nerves and optic tracts, 
the stalks become solid, and are, moreover, connected posteriorly with the mid-brain 
by a prolongation backwards of the tracts. The optic thaluans of each side is 
formed by a thickening of the lateral wall of the vesicle (figs. 74, 78), The inter\-al 
between the thalami forms the cavity of the third vmlricle. Across it the grey 
commisBure subsequently stretches. The floor becomes prolonged downwards into 
the infundibulum, and takes part in the formation of the pituitary hody (figs, 69, 74). 
The roof, on the other hand, becomes like that of the fifth vesicle, thin and expanded, 
and remains as a single layer of flat epithelium cells inflected into the ventricle and 
subsequently occupied by vascular growths of pia mater (choroid plexus of third 
ventricle, fig. 69, dfi). But at the posterior part of the roof there is a transverse 
thickening to form the posterior commissure, and in front of this the roof grows 
upwards and forwards, but subsequently backwards (in man) as a hollow median 
process to form the pineal gland (epiphysis cerebri). The median process soon takes 
on a tubular shape (fig. &'i,pin), imd, after a time, becomes branched, aud forms a 
number of tubular follicles lined by ciliated epithelium, and invested by vascular pia 
mater. These follicles tend, in man and mammals, as development proceeds, to 
become solid and occupied by calcareous deposit. But in some reptiles the pineal 
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tube remains single, and appears as the long stalk — partly hollow, and partly solid 
— of a rudimentary median or parietal eye, which oocupiee an aperture in the middle 
line of the bIcqII (de Graaf, Baldwin Spencer). The pitaitur body (hypopbysis 
cerebri) is chiefly formed by a diverticulum of the buccal epiblast (diverticulum of 
Bathke) which grows upwards towards the base of the second cerebral vesicle, and 
dilates into a flask-shaped expansion which is at first simple, but subsequently grows 
out to form a small mass of epithelial tubes, the lumen of which becomes eventually 
obliterated. Against the posterior wall of this flask-shaped dilatation the iufun- 
dibulum grows down from the floor of the second vesicle, and its extremity becomes 



Fig. TO. — Hbmah BiarTTAL bectioh or tbk head in iirlt ihbktosb or isb rabbit. Minified. 
(Pram Mihalkovica.) 

A. From an embryo five millimetres long. 

B. From an embryo aii millimetres long. 

In A, the faucini oponing ia still closed ; ia B, the septnm ia perforated at /; c, anterior cerebral 
irssiclo ; mr, mesencephalon ; mo, medulla ablongaCa ; m, medullai? epiblast ; '/(in B), infnndibuluni ; 
4pf, ipheno -ethmoidal, be. sphenoidal, aod tpo, spheno- occipital pu^ of the Mais cranii ; i, foregut ; 
th, Dotochord ; py, buccal pituitary inrolution ; am, amnion ; h, heart. 

Fig. 7".— MkDIAB SAOITTAL SBOTION of the IUFDirniBITLIIM iHD PITDITART niTBRTICDLDM ft A 

RABBIT BMBHTO, AnBR TUB OFBNlno OF TUB rACCES. (Ffom Uihalkovics.) 
be, basis craDii with basilar artei? ; if, iofandibnlum ; iha, floor of tbalamencepbaloa ; py, pituitaiy 
dlTerticulum, now closed ; p', stalk of original communication with the mouth ; pk, pharynx ; 
A, DOtochord in the spheno.occipital part of the cranial ImbLb. 

intimately connected with the dilatation, but without communicating with its 
cavity, although boond up together by the same vascular connective tissue. Ia 
connection with this extension of the infiindibiilum, nerve cells and fibres become 
firmed ; in lower vertebrates thej persist and retain their connection with the 
brain. The notochord extends in the basis cranii as far as the pituitary body. Just 
before reaching this, it bends ventrelwards towards Rathke's diverticulum, and here 
blends with the buccal epiblast (Bonnet). 

Dobm has Bbown that in Petromyzon the hjpophyBiB derelopes aa a eepsrate mediau 
divertionlum of the extemitl epibliurt wbicb ia formed between the nasal pit iu front and the 
buccal invaifinatioQ (Btomodfentn) behind, and (crow? atraigrht backwards aa a canal of some 
length towards the point of the notochord, where follicles develope from it and become con- 
nected with the inCandibalum. Later, its orifice is found to open in oonunon with that of the 
nasal pit. 

Ths first oarebral veiiole : proauioaphaloii. — This is vepresented by the 
common point at the front of the third ventricle, whence the hemisphere vesicles 
divei^e through the foramina of Monro, and by these vesicles themselves. The 
original veside is therefore relatively small, although its lateral outgrowths form by 
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fiir the largest portion of the brain in higher vertebratea. The corpora atrioite 
appear as thickenings of the floor of thn hemisphere Teaioles, and outside them the 




A BALr TBBES EHBRIO. 



K fold of roof pasiing beloir folz 
i£Z, h.RL, anterior and poaterior 
loiu with optic aialk ; P.t, put 



Fig. 78.— Tbbk bkciiors thbodqh the roKi-BBAiM or a iodi 

A. Through the lower anterior part of the foie-brain ; S, Ealx 
towards the third ventricle ; Bf, fold forming the sulcus ammoDiB 
parts of olfactory lobe ; C», corpus Htiiatum ; O. IV, groove con 
nibthalamica ; 2'.c, tul«r cinereum. 

B. Section a littlu furi.hsr hack, i^ia replaced bj a less prominent but broader fold of the roof, 
Ad, which gubeequentlj receiTes the choroidal vesseli, and is therefore the choroidal fold ; Jfl, 
hemisphere leeide ; TA.thalunDH; £. Jf, sulcus of Honro, beloir and behind the thalamus. 

C. Still farther back ; Ad, choroidal fold here projecting into bLteral ventiicleB, but sUU free from 
neioblaat and bloodvesaeta ; Ma, mammillarf tubercle. The other lettering aa before. 



70 THE FIBST CEREBHAL VESICLE. 

grey and white matter of the island of Reil becomes differentiated. The rest of the 
wall of the hemisphere vesicle (manlle of Reichert), although remaining for a time 
thinner than the floor, eventually thickens to form the whole of the grey and white 
matter of the hemisphere, except along the line where the mesoblast, which is to 
form the choroid plexas of the lateral ventricle, paseeB into the choroidal fold of the 
neural epiblast, which becomes thinned out over the invading mesoblast and con- 
verted into the epithelial covering of the plexus. 

The growth of the hemispheres takes place gradually. They extend at first some- 
what forwards and upwards, separated by a thin layer of mesoblast which forms the 

A Fig. 79. — TsiBSviRsa bections 

LBHOTB. (PromKblliker.) 

In A the section pMses throogli 
the foimDina of Monro, in B throEtgh 
the third and lateral ventricles eouie- 
what farther back, tt, corpus stria- 
taiu ; th, optic thalamuB ; t, third 
ventricle ; c, c*, ludinient of intemat 
capsule and corona ntdiala ; I, lateral 
ventricle with choroid pleioe, ft % 
k, hippocampoa major ; /, primitive 
faU ; a, orbito-aphenoid ; hi, pre- 
sphenoid: p, pharynx; ek, cbiaanUi ; 
0, optic nerve ; tti, m, foramina of 
Monro ; (0, optic tract ; mi-, Meckel's 
eaitilage. 

ie\ji, but soon begin to pass 
progressively backwards, so 
that by the end of the third 
month they have covered the 
" region of the optic thalami, by 

the fourth month they have 
reached the corpora quadri- 
gemina, and by the sixth they 
cover not only the corpora 
qnadrigemina, but also a great 
part of the cerebellum, pro- 
jecting even beyond this by 
the end of the seventh month. 
In front, and for some dis- 
tance backward over the roof 
of the third ventricle, where 
the vesicles are not separated 
by the falx, their mesial sur- 
faces come into contact, and, 
during the third month, partly 
grow together, but in such a 
manner as to leave anteriorly 
- I ^ just in front of the third 

» '" ventricle, a triangular area 

free in the middle, but completely surrounded at its periphery by the united parts. 
Thus is formed the cavity which is known as the fifth vaiiride or venlrkle of the 
geptum lucidttm, which at no time has any commnnicatiou with the vesicles of the 
cerebral hemispheres, nor with any other of the cerebral vesicles. 
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The commisanreB of the cerebral hemispheres are also formed in the united portion 
of the mesial walls of the resicles ; the anterior is the earliest to appear, thoa 
coinciding; with the early appearance of the corpora atriaia, which it nnites in A'ont. 
The anterior part of the fornix, with its pillars, and the corpus albicans {which is 
at first single and median) are next formed, followed ut a later period by the 
posterior pillars, which are seen running backwards on each side into the comu 
ammonis as soon ae tbia stmcture becomes distinct. The corpus callosum is the 
last of the commissores to be formed. Its anterior part appears first, bnl as the 
hemispheres extend backwards the formation of the commissure accompanies the 
backward extension. 

The ol&otory lolwa are formed as hollow outgrowths from the lower and 
lateral parts of the hemisphere vesicles (figs. 70, 74). In man they soon show a 
division into two ports, an anterior and posterior ; of which the latter remains in 
close connection with the hemisphere vesicle, while the anterior grows ont towards 





Fig. 80.— 

This figure ibo^n tfas fonDdtioD 

P, fronUI lobe ; P, parietal ; 0, o< 

fionbU lobe ; «, SjIrUn fissure ; /, 

■ntcof ; p, parieb^oecipiUI fisare. 



riSTAL BSAiH «T SIX MONTHS. (R. Wagner.) 
qI tlie piiDcipal GuuTes. A, from above ; B, from the left side. - 
ipilat ; T, tempore] ; a, a, a, slight Bpp«anuic« of sulci in the 
B Rulerior diTiiion -, iritbin it, C, Ihs central lobe ; r, Bolandie 
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SIX MotTHs. (Reichort.) 
P, frontal lohe ; P, psrietal ; 0, occipital ; 
T, temporal ; /, ollaclory bulb ; //, optic 
nerre ; /p, calloeo- marginal fissure ; p,p', ports 
of the ptuieto. occipital Gssare : A, calc&rine 
fiEsnre ; g, g, gyrus fomicHtus ; c, c, carpua 
dtltosiiDi ; s, Beptnm lucidum ; /, placed be- 
tween the middle commissure and the foramen 
of Monro ; i>, in the npper part of the third 
venti'icle ; i^. in the back part of the third 
Teatricle ; t'', in the lower part of the third 
Tentricle above the infuodibulam ; r. recdsos 
pineali^ ; p>; pons Varolii ; Ct, cerebellum. 

the olfactory area of the external epihiast. After the first month these lobes are 
relatively small in size and their cavities become gradually obliterated, but in some 
animals, as in the horse, they are large, and their cavities are permanently in 
communication with the anterior comna of the lateral ventricles. Their fiirtber 
development is given subsequently {p. 79). 

Formation of the fiwnres and coavolntioiu. — The enlargement of the 
cranium docs not always keep pace with the growth in extent of the walls of the 
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bebiisphere vesicles, so that it happens that the former are thrown iato folde 
Beparated by sulci, and the surface loses its smooth appearance. Such relatively 
rapid growth occure during the second and third month in the human embryo, 
resultiog ia the production of a number of infoJdinga of the surface, which are 
mostly transverse to the (bent) axis of the brain, although one or two on the mesial 
surface run parallel to that axis. These infoidings of the surface, which may be 
termed temporary or primitive sulci, necessarily have a corresponding projection into 
the cavity of the thin-walled hemisphere vesicle (fig. 75). During the fourth month, 
probably owing to a relatively more rapid expansion of the cranium, moat of these 
primitive sulci become obliterated, and the cerebral surface is again almost smooth. 
Three, however, of the primitive sulci remain as peiinanent fissures of the brain,' 
and since the fissure of Sylvius is also now formed, although in a somewhat different 
manner, the hemisphere of the human fcetus at the beginning of the fifth month is 
mai'ked by four well characterised sulci having con-esponding projections into the 
interior of ite cavity. These permanent primitive sulci are the following : — 

1. The hippocampal sulcus, corresponding with the projection of the cornn 
ammonia (hippocampus) into the lateral ventricle. 



Fig. 82.— FiEIiL BRAHt OF THB BEOIHHI'ta 0» TM KIQBTH MOHTU. (Hihalkovica, ) 

A., from >bOTG ; B., from tbe >ide ; C, mesial anifice. 
Jfo, EoUndic sulcus : Sy, Sylvian fiaaura ; jwr.oee, parielo-occipital; ea/c, calcarine ; pr.c, prenentnJ-, 
pU, pitrallel ; iiU.par, iutrapaiietal ; eall.ntar, csIloBO-mvgiiud ; unc, uncus. 

2. The parieto-occipital sulcus, corresponding with the bend of the posterior 
comu of that ventricle. 

3. The calcarine sulcus, corresponding with the projection of the calcar avie. 

4. The Sylvian fissure, corresponding with the curve of the lateral ventricle. 

To these may be reckoned the longitudinal infolding of tbe mesial wall of the 

I It U, however, iiQceiiaiD vhether the temporary euIci deTcIope into or whether the; are replaced 
Ii; corresponding permanent Bulci, See on this subject a paper by D. J, Cunningham in the JduthhI of 
Anatomy, April, 1890. 
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hemiaphere just below the hippocampal sulcnfi, which is caused by the ingrowth of 

the choroid plexus of the lateral ventricle. 

According to Ecker, the Gssure of Sylvias is the first of Uie primitive sulci to appear. It is 
visible before the end of tlie tbinl month, *b k wide, shallow depression, which divides the lower 
margin of the hemisphere into two nearly equal portions, and at the bottom of which is seen 
the thickening of the floor of the vesicle from which the corpns striatum and the island of 
Beil are developed. This flssure appears to be formed b; a curving of the still thin-walled 
hemisphere vesicle over that tbtokening, aionnd which the vesicle bends ; and its anteriorand 
posterior parte nltimatelj meet along tlie line which marks the posterior limb of the 
Sylvian fissore in the developed biain. The anterior Umb ie produced much later by a further 
folding over of that part of the mantle which is in front of the fossa Sylvii. The flfsnie 
remains nntil nearly the end of foetal life as a iridely open depression, at the bottom of 
which the island of Boil is readily visible. It closes gnidaally from behind forwards. 

The other sulci are distinguished from the four above -numerated ia the fact that 
they are depressions of the surface merely, and not infoldings of the whole thickness 
of the wall of the hemisphere vesicle.' They begin to appear about the end of the 
fifth month, the fissure of Rolando being the first to show (figs. 80 and 81). 

By the end of the sixth month the precentral and inferior frontal sulci, the 
intraparietal, the superior occipital, the parallel, the inferior temporal, the calloeo- 
marginal, and the collateral fissnres have become visible, as well as the anterior 
limb of the Sylvian fissure. 

By the end of the seventh month (Bee fig. 82) most of the remaining principid 
convolutions and fisanrea have appeared, and those which were previouiOy present 
have increased both in length and depth. They are, however, all comparatively 
short and simple. During the eighth month, they continue to increase in length 
and depth, and the remaining sulci become gradually developed, but even in the 
ninth month there are none of the accessory or secondary furrows which add so much 
to the complexity of the developed brain. The last of the principal sulci to make 
their appearance are the inferior occipito-temporal. 

D1IVIII.0P1IXNT or THX HHBVIIB. 

Spinal nervev. — At an early period of development, in some cases even before 
the closure of the neural groove, in others during or shortly after that event, there 

hecbii. ckist. (Balfour.) 

nc, neural huibI ; pr, ganglion ludimeiit running from neural 
crest ; x, eub-Dotocbordal rod ; ao, aoita ; le, jarietal luesoblaet ; >p, e 

visceral mcBoblaet ; mp, mutcle plate ; tnp', pcrliou bf uiuEole plate 

converted into muscle ; I'r, jiortion of proto-vertetra which will give ^ 

rise to the vertcbia ; al, alimentaij canal. 

grows out bi-laterally from the angle of junction of the nT 

nenral with the gtneral epiblast (fig. 89), and conse- 
quently at the dorsal aspect of the neural tube a , 
continuous ridge or crest of epiblast, which was first de- 
scribed hy Balfour in elasmobranch fishes : this is termed v 
the neural cresl. At intervals along the sides of the 
nenral crest, corresponding with the middle of each 
meaoblastic somite or proto-vertebra, special clavate 
enlargements or outgrowths of the neural crest occur 

(fig. ^%pr). These grow downwards along the dorso-htteral aspect of the nenral cmal, 
between the protovertebra and the canal. They remain for a time attached above 
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to the dorsal aspect of the nenra) tube, bnt that attachment beoomea anbseqnently 
loet, and tbey then form completely isolated portiooB of epiblaat, composed of oval 
oells, and lyiog at the side of the embryonic cord between it and the muscle plates 
of the protovertebne (fig. 84). These are the rndimenU of the posCeriur-root 
ganglia. The remainder of the nearal crest disappears : at least in most vertebrata. 
Some little time after the separation of these ganglion-tndiments, the ventral or 
anterior roots of the spinal nerves begin to grow oat from the ventro- lateral aspect of 
the nenral tube. They were originally described by Balfour in elasmobranchs, as 
forming bud-like outgrowths from the neural epiblast, the outgrowths being com- 
posed of spindle-shaped cells (fig. 84, ar). Bat according to the recent and extended 



Fig. 84.— SicTion TuttotraH ihb dobbal fabt or tbe THitnE or a Tobfiiki shbrto. (DBlfoor.) 
pr, g, n, apinal ganglion rudim«ut ; ar, anterior root ; ch, notochord ; or, nearal canal ; mp, mnacle- 



(Hi..) 
iroblaatB, fonning the anterior root ; g, germinal cells in ianermDBt 

observations of His in various classes of vertebrates, what actually grow out to form 
tbe anterior roots, are the fibrous prolongations (axis-cylinder processEs) of neuro- 
blasts (v, anlea, p. 58), which processes converge to the point of exit of the root 
and penetrate gradually into the adjoining meaoblast (fig. 85, a. r), where they 
come into close contact with the previously formed ganglion rudiments of the pos- 
terior roots .1 

The fibres of the posterior roots are developed, according to His, as processes 
&om the oval cells of tbe ganglion rudiment. These cells are in fact neuroblasts, 
and trom either end of each cell, which is thus rendered bipolar (fig. 86), a process 
becoming eventually the axis-cylinder of a nerve-fibre grows out, one towards the 
central oi^n, the other towards the periphery. The centrally directed processes 
soon reach and grow into the embtyonio cord at its doiso-lateral aspect, where th^ 
axe presently seen in sections occupying an oval area near the periphery of the coid ; 

' The place at which the anterior roots epring from tbe cord J» not opporile to the cDrresponding 
posterior root, bnt midira; between that root end tM tncceeding one. 
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this area is the beginniDg of the poeterior white oolnmn (fig. 87) : the farther course 
and attachmenta of the iDgrowing fibres jd the cord are not accnratelj known, but 
they appet^ to bifurcate and extend both upwards and downwards (Ramun y Cajal). 
The peripherally directed fibres grow downwards and join the bundle of fibres of the 
anterior root, to form together with them the mixed spinal nerTe (fig. 88). 

The asis-cjiinder processes which are to form the fibres of the anterior roots 




Fig. S6.— BiFOUB CELL IROK BPIBIL fllKOUOH OT 1 4} VSEKS IHBBTO. (His.) ^f 



The poaterior roota are continued vithin the cord into a email longitndiDsl handle which ia the 
ndiment of the posterior vhite column. Tho anterior roots are formed bj the coDTergence of Uie 
procesna of the uearobluta. The Utter, alone with the elongated cells of the mvelospongium compoee 
the graj matter. The external lajei of the card ia travened by radiating £biel which are tlie outer ends 
el the apongiohlBiti. The unteiior commiunre is beginning to appear. 

begin to make their appearance abont the beginning of the fourth week in the human 
embiyo (His). Their growth towards the periphery is slow; even by the end 
of the second month they hate not reached the tips of the fingers and toes. 

Cranial n«rT«a. — The neiiral crest is continuous alocg the dorsal aspect of the 
cerebral part of the nenral tube as far aa, and even beyond the mid-brain. As in 
the spinal pai-t, clarate enlargements occur here also, but at somewhat irregular 
intervals, and form ganglion rudiments which become separated from the dorsal aspect 
of the tube, and acquire a new attachment on the lateral and ventral aspect. Such 
ganglion mdiments have been described for the third, fifth, seventh, eighth, ninth, 
and tenth nerves. 

In the chick the ganglion rudiments belonging to the cranial nerves appear as a 
thickening of the cephalic epiblast, jnst where it is folding round into the as yet 
unclosed neural canal (fig. 89, Vff). This thickening, according to Golowino, is 
continuous laterally with a modified portion of the external epiblast (sensory 
epiblast), and soon becomes subdivided into three ganglionic groups, and these, later, 
into separate ganglions. There is a corresponding subdivisioa of the senaoi? 
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epiblaat into rudiments of special aense organs, which become gradnallj' shifted 
downwards and outwards away from the ganghon rudiments, and form the BO-called 



Fig. 83. — TBiII3VEB3B SICTION THBOUOB THS IKTEKIOB PART 01 THE TEDBE 01 IM EUBBIO Of 

ScTLLicv. (Balfour.) 

tp.t, spinal cord ; ip.g, ganglion of poeterior root ; ar, Ulterior root ; dn, donul ; tp.n, xtntal 
bisnch of Bpinal nerve ; mp, niuede pinte ; mp', part of muscle plate slread; coDTerted into muide ; 
mp.l, part of musrle plate extending into the limb ; vt, nerma lateralis ; ao. aorta ; cA, notocbord ; 
ij/.g, Gjmpatlietic ganglion ; ca.v, cardinal lein ; id, segmental duct ; it, aegmental tobe ; ifu, iluods- 
nam ; hp.d, junction of hepatic duct with it ; pan, rudiment of pancieaa connected with another port 
of doodenum ; ume, opening of umbilical canal (ritelline duct]. 

" branchial sense-organs " of Beard. They become connected subaequently with 
outgrowths from the posterior serve-mdlmentB. 

Theee tndimeatar? senBe orgiuia bare been described in mammals also (by Froriep). The; 
appear to represent the special sense o^ans of the gill clefts of fishes, which were first de- 
scribed by Leydig (1830). Beard is of opinion that the nose and ear are also specialiMd 
brsBohial sense organs, the only ones that ore persistent in higher vertebrates. Iliil 
differentiation of a special sensory portion of epiblast into mdiments of special sense* 
organs, occnrs according to Qolowine's observations in the cbick, not only in the head but also 
in the trunk, where they in all probability represent rudiments of " organs of the lateral line," 
such as are seen in fishes. 

Tarious obserrers have described the ganglion mduuents as actoally beoomlng formed ftt 
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leut in put at the expense of the censor? ^iblaetio thit^aninfie. In connection with this 
queatian it ia worthy of note that from the MnBor; thickening' wliiah forms the olfactorj area 
a ganglionic rudiment becomes formed which joins the olfactoi? lobe of the brain, and gives 
origin to the olfactory nerre-fibrea (His). 

Eren in the adnlt, as was shown b; Thomsen, traces of pre-existeat ganglionic stmctnre 
Cfm be fonnd in the root of the third nerve, and similar traoea of ganglionic Btmctnre bsTS 

Fig. fi9- — TBiSSVBMB BICTIOS _j 



(Prom Balfour. ) 

hb, hinil-bmin ; vy, vagus 
nerve ; ep, epiplaat ; cA, noto- 
chord ; x, eub-notocbonlitl rod ; 
al, throat; AC, heart ; ^, body- 
cavity ; », psrietal mesablsst ; 
if, visceral mesobloat ; hg, bjpo- 
bUst. 

also been described b; Oaskell 
in the roots of the fonriJi 
nerve, in the motor root o( the 
fifth, iind in the root of the 
seventh nerve. If these, as 
Gaskell supposes, indicate the 
pre^iistenoe of sensory ele- 
ments in the roots, it is pro- 
bable that these nerves and 
ganglia hare all been origi- 
nally developed like the posterior gangliated roots of the ^inal nerves, as outgrowths from 
the nenral crest. Whether they are joined by outgrowths corresponding to the efferent fibres 
of the spinal nerves, or whether they originally contain the elements of the efferent fibres, 
and thus resemble the spinal nerves of Amphiozus, in which there are no anterior roots, 
bat both sensory and motor nerves are contained in the posterior roots, is not at present 
known. What is however clear is that the ganglion cells and afferent fibres in the roots of 
the third, fourth, motor of fifth and seventh nerves, eventoatly entirely disappear, the efferent 
fibres alone remaining, while in the roots of the sixth, eleventh, and twelfth nerves efferent 
fibres only are fonnd, and gan^'lionio mdiments are not developed at alL 

As ia shown in another part of this work (Neurology) the nuclei of origin of the efferent 
cranial nerves are disposed in two longitudinal series. One of these series comprises the □uciet 
of origin of the somatic efferent nerves of Gaskell, which correxpond with the larii^est fibres 
of a typical anterior spinal root, and the series of nuclei is a continuation of the cell. column 
of the anterior horn ; the nuclei of this series are those of the hypoglossal, or twelfl^ the 
sixth, fourth, and third. The other series comprises the nuclei of origin of the splanchnic 
efferent nerves of Qaskell, which correspond with the medium-siied and amalleBt fibres of a 
typical anterior spinal root, and the series is a continuation mainly of the cells of the lateral 
oomu or intermediolateral brsvt, and partly, perhaps, of the celts of the base of the posterior 
bom ; the nuclei of this series ara those of the spinal accessory, those of the efferent fibres 
of the vagiu and glosso-pbaryngeal, the facial, and the motor nnclens of the fifth. 

According to the observatioiiB of Hie, the diBtinction into an anterior or ventral 
(somatic) and a lateral (splanchnic) group of efferent fibres is well marked ia the 
embryo by the fact that the two kinds of efferent fibres take origin from entirely 
different parts of the basal lamina of the neural tube, those which correspond with 
the somatic efferent fibres originating from groups of neuroblasts near the middle 
tine, while the others take their rise near the junction of the basal with the alar 
lamina (see fig. 90). With the alar lamina itself the afferent fibres are con- 
Bected, but they do not arise from groups of cells within it, as do the efferent fibres 
within the basal lamina : on the contrary, they effect their connection with the lamina 
by growing into it from a ganglion in the manner already described for the posterior 
roots of the spinal nerves, and they then appear in most cases to grow downwards 
in the directioa of the spinal cord. This is stated by His to be the case with the 
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Bensoiy root of the trigeminus, which thoB forms the white bnndle kaown as the 
ascending root of the fifth, but which in it^ actual growth ie descending ; and also 
with the afferent fibres of the glosso-pharyngeal and vagus which grow downwards 
in the medulla to form the Bo-called solitary bundle.^ These are traceable in the 
adult as far down as the middle and lower cervical region respectivelj, but in the 
embryo are at first quite short, and limited to near the place of attachment of tbo 



Fig. 60, A and B.— Sections aobosb the hiud-bbiiii or a hdhab BMBRia, 10 mm. long. (His.) f. 

Id a, the origin of the BptoBl ac^eBSorj and hypogloaaai nerrci ie shown, the fibres of both anuag 
from groopB of neuroblafta in the basal Umisa of tiie neuntl tube. Id B, ooe of the roots of the bn>o- 
gtofisal is Etill seen, und in addition the root of the vagus nerve. This is represented es in part nnuiig 
like that of the spinal accessor; in A, from a group of neuroblasts in the bosiu lamina, and in part from 
a bundle of lon;:itudina11j courung fibres placed at the periphery of the alar lamina, and correqaiuluig 
in situation t« the commencing posterior while columns shonn in fig. 87. 

nerve roots, becoming gradually longer as development proceeds. The solitary bundle 
is at first superficial, like the ascending root of the fifth, hut it subsequently becomes 
covered in by the bending over of the alar plate, and the formation of nervous sub- 
stance in this. The ganglion- rudiments from which the ingrowth of these afierent 
fibres takes place, become the Gaeserian ganglion of the fifth, and the jugular 
ganglia of the glosso-pharyngeal and vagus. 

The anditory nerve-roots appear also to he formed by an ingrowth from the cells 
of its ganglion-rudiment into the alar plate. Subsequently the ganglion-rudiment 
becomes subdivided into three parts, one forming an intracranial ganglion, and the 
othersgivingrisetothebranchesof the nerve to the cochlea and vestibule respectively 
(fig. 90, C). The part belonging to the cochlea (ganglion cochlea) forma ultimately 
the spiral ganglion ; while the one on the vestibular branch forma the gangliform 
swelling of Scarpa. From a separated part of the ganghon cochlete the nerve to the 
posterior semicircular canal passes, as well as that to the macula of the saccule'; 
from the vestibular ganglion the nerves to the other ampuUse and to the utricle, are 
derived. The geniculated ganglion of the facial is derived from the same ganglionic 
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mass as fiirnishes the ganglia of the aaditorj nerve, bat its ceUs are early distint 
guishable by their larger size and clearer appearance. From these cells fibres, which 
are probably afferent (His), grow centrally into the hind-brain and peripherally along 



VmCv, 




W.G.ic. 



Fig. 90, C. — Section from thb baxb bmbrto at the exit of the facial nsave. (His.) 

(Several sections have been combined to form this figure. ) 

YL, fibres of sixth nerve taking origin from group of neuroblasts in basal lamina ; Yll.^r.^, gang- 
lion genicuU of the facial ; yiII.^.V.c, intracranial ganglion of auditory ; YIIL^.v, ganglion yestibuli ; 
YilL^.c, ganglion cochleae. 



the nerve, mingling with its efferent fibres. Some of these afferent fibres may form 
the chorda tympani, but there are many more than are found in that nerve. 

The optic nerves take origin as.hollow outgrowths of the brain, which afterwards 
become solid, while nerve-fibres become developed in their walls. Their mode of 
origin will be further treated of in connection with the development of the eye. 

The olfactory lobe, which consists of the olfactory bulb and tract (often 
spoken of as the first or olfactory nerve), and the part of the base of the brain 
from which the tract arises, makes its appearance as a protrusion of the antero- 
ventral part of each cerebral hemisphere, extending towards the thickened olfactory 
area of the epiblast (see ^g. 70, B, Rl ; and fig. 74, olf). This primitive olfactory 
lobe is early seen to be divided into anterior and posterior parts by a broad sulcus 
(fig. 95). Of the two parts, the anterior becomes considerably elongated, and 
ultimately forms not only the tract and bulb but also the trigonum olfactorium, 
and a small area on the mesial side of this (termed by His Broca's area) ; whilst 
from the posterior, the larger part of the anterior perforated space (mesial to 
the lateral olfactory root) and the peduncle of the corpus callosnm (gyrus 



Fig. Bl.— Cbakul hirtes of a hdmin (mbeto, 10.2 mm. long. (Hia.) Y- 
Tha ORlllUI nenes aie indicated bj Boman, tbe spinal nerves b; Arabin numerals, 
c. A, cerebral hemiBphere i Ih, thakmencephalon ; m.h, midbrain; Mx, moiillarr procesB ; Mn, 

mandibular aicb ; i/y, hvoid arch ; th« facial nerve ia teen to aeud a branch (chorda tympani] acron 

the bjoniandibular d«fb ; G.g, QasBertan ganglion ; eg, ciJiarj ganglioa ; r, veetibulir, and c, cochlear 

part at aoditory ; g,p, ganglion petrosum of glossophiirjngeal ; ff.J, gangli 

■uiutomogiii ia Been between these ; ;.fr, ganglion trunci of vagus ; J', gaugll 

belongiDg to the h;i»g1oasal ; r.d, ramus deac«ndeiu of hypogliMaal ' ot ot 

represented, and a part of the lieait, 



ion jugulare of ragus ; an 
1 described bj Froriep aa 
vesicle. The eje is also 




Kg. 92.— DlMEAX SHOWnia TH» OENTBtPRiL llTD CRMRnmOAL ROOTS ot TBI ORAirUL HERTIS Ot 
TBS SAn UBBTO. (His.) 
^le places of exit of tbe nerves are marlied by dotted circles or ovals. Tbe elTerent nerves (///-, 
IF, n r, FI, VII, part of IX, XI, Md XII), are sceb to arise within Ihe nerve centre from groups of 
neuroblsets ; tbe Cerent fibres (F.), VIII, v and e, most of IX, and X), pass a certain distance in- 
wards, and for tbe most part alio caudalwanis in tbe nerTe.centre, and there end. The ganglion rudi- 
ments from which thaj luve grown an not shown here. The; will be found in the preceding figure. 
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subcallosus of Zuckerkandl) are developed. These parts are separated even in the 
adult by a sulcus, along which the mesial or internal olfactory root runs. 

The olfactory nerve fibres arise, according to His, from neuroblasts which 
become formed within the thickened epiblast of the olfactory area (see p. 96). 
This epiblast at a certain period of development resembles the neural epiblast, and 
whilst some of the cells become spongioblasts, others become pear-shaped, or spindle- 
sliaped, and their processes grow as nerve fibres towards the olfactory lobe. Not 
only, however, do these fibres emerge from the olfactory epiblast, but some of the 
neuroblasts themselves also pass out, and these form a ganglion which lies between 
the olfactory lobe and the olfactory area. Subsequently this ganglion, the cells 
of which are prolonged at either end into nerve fibre processes, becomes attached 
to and partially invests the olfactory bulb, with which it ultimately blends, forming 
the part whence the olfactory nerve fibres pass to the Schneiderian membrane 
(layer of olfactory-glomeruli and nerve fibres), whilst bands of fibres on the other 
hand grow centripetally and become the olfactory roots. These are in fact 
comparable to the centripetal (so-called "ascending") roots of the trigeminus, 
glossopharyngeal, and vagus. 

It is not until the third month that the part of the olfactory lobe which forms 
the bulb, begins to grow forwards away from the trigonum, and thus to form the 
olfactory tract. 

The cranial nerves, except the optic and olfactory, and the relations they bear to one 
another and to the visceral arches of the head, are shown in fig. 91 as they occur in the homan 
embryo of about four weeks. Fig. 92 distinguishes diagrammaticaUy the nerves which grow 
into the nerve centres (centripetal or afferent nerves) from those which grow out from the 
centres (centrifug^al or efferent nerves), and the extent of growth inwards of the former in the 
same embryo. 

The sympathetic nerves and ganglia. — That these are merely outgrowths 
of the cerebrospinal nervous system, nearly all recent observations, both morpho- 
logical and physiological, clearly show. But even before this fact had come to be 
generally recognized, it was known that they are developed in connection with the 
spinal nerves (Balfour), and indeed as offshoots from the posterior spinal ganglia 
(Schenk and Birdsell, Onodi). They appear for a time as enlargements upon the 
main stem of each spinal nerve, but afterwards become connected with this by a 
short branch (r. communicans) (fig. 88), and with one another by a longitudinal 
commissure. The branch in question contains the splanchnic fibres of the spinal 
nerve, and the sympathetic ganglia are its splanchnic or vagrant ganglia (Gaskell). 
The splanchnic ganglia of the cranial nerves are probably formed in a similar way, 
but their mode of development has not as yet been worked out. 

The ciliary ganglion appears to be formed as an outgrowth of the Gasserian gfanglion (fig. 
91, e.g.) much in the same way as the sympathetic trunk ganglia are formed as offshoots of the 
posterior spinal ganglia. In elasmobranchs it is derived from the ophthalmicus profundus 
gangUon, itself an offshoot of the Gasserian (Ewart). 

Faterson has recently described the sympathetic chain of ganglia as developing in mammals 
(rodents) from a continuous rod of mesoblast lying on either side of the aorta, and as becoming 
only secondarily segmented and connected with the cerebro-spinal nerves. But observations 
upon earlier embryos than were used by Faterson are necessary before the mesoblastic origin 
of the rod con be admitted. 
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The first development of the eye occars as a hollow protrusion of the anterior 
cerebral Tesicle — primary optic vesicle — in the manner already mentioned (see 
fig. 68, 6, and fij^. 93). The vesicle thus formed abuts externally against the 
external epiblast of tlie side of the head {iig. 96} ; and this external cpiblast opposite 
the most prominent point of the primary optic vesicle, becomes thickened and in- 




ANDCUPP«B. (HiB.) 

e.h, cerabmi hennaphere (|<art of) ; 
ilf, , otfactorj lobe ; o;.(., optic cup. 



(Hi..) 
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vaginated, so as to fonn at first a hollow cup-shaped depression with thickened walls 
(6ga. 07, 98), and subsequently by the closing in of the epiblast at the mouth of the 
cup, a hollow island of epithelial cells {fig. 99). This island, which is the rudimentary 
lens, lies between, but is entirely distinct from the external epiblast on the one hand, 
and the neural epiblast of the primary optic vesicle on the other hand. Its forma- 
tion is accompanied by a cupping in of the primary optic vesicle (figa. 94, 97, 98), 
which is invaginated before it, and this invagination is increased by an ingrowth 
of mesoblaat, which occurs between the lens and the cupped optic vesicle, and 
which subsequently forms the vitreous humour. Invaginated in this way the 
cavity of the original optic vesicle becomes almost entirely obliterated, and appears 
merely as a cleft between the two layere which form the wall of the so-called " optic 
cup." The inner of these two layei-s is from the first thicker than the outer, and in 
it are developed all the parts of the f utnre retina from the membrana limitans interna 
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to the layer of rodg and conea, while firom the onter thiniier layer the hexagonal 
pigmented epithelium of the retina, with its contianatioa into the uvea, is foiiued. 
The invagination of the primary optic vcBicle does not occur only opposite the 
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of/, olfactory area of epiblast ; C.h, part o£ 
forebraia wbicb gives rise to cerebral hemi- 
Bpheres ; Oi, thalamencephalun ; p-of, piimary 
optic Tcaiclei. 



3K1.ES ABK OUPPKD. (HiB.) 

;, optic cup ; o.i, optic stalk ; I, lens iiiTHgiaa' 
; c.k, cerebral hemispberes ; th, tbalameacepha- 
i, infundibulnm ; oyj olfactory area. 




Pig. OS. — Tehtioil sconoii Tstavtm tbb viddlb of 

TBIBB DAT. (E. A. S.) 

Tbe section passes longitudiDally through the deficiency in the lower part of the optic cup, and 
ehoir j the mesollaat eit«ailing in between the lens iavagination and the pigment layer of the optic cup. 
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place where the !ena is becoming inToloted, but also below, or ventral, to that place, 
so that a section exactly through the middle of the optic cup at right angles to the 
axis of this part of the head, shows a gap in the boundary of the cup through which 
the mesoblast is passing into the space between the lens and the invaginated optic 
vesicle (fig. 08, v). This gap or cleft soon becomes closed, but the suture or line of 
closure long remains apparent from the fact that when pigment begins to be de- 
posited in the eye, this ao-called choroidal Jissure remains for some time unpigmented 
(until tlie sixth week in man). 

The ventral invagination is in mammals continued for a considerable distance 
into the stalk of the optic vesicle (fig. 95), and the simultaneouB inclosnre of 
mesoblastic tissue leads to the inti-odnction of the central Llood-vesseis of the retina 
withi[i the optic nerve. In birds no snch infolding of the stalk occurs. 

The lower iniragination of the optic cup serves not only t« pennit of the passage of meso- 
blaat behind the lens for the formsition of vitreous hnmour, but aleo to establish a, direct 
connection between the nerve-fibres which are formed alon^r the course of the optic stalk 
(fntare optic nerve) and the centre of the inner layer of the optio cup (future retina) (0. 
Hertwig). 

The malformation termed colobema iridU is attribnted to a persistence of the choroidal 
cleft, which extends behind the iris along with the retinal pigment or uvea, as far as the 
margin of the pupiL 
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The hollow optic stalks are at first freely in communication with the thaiam- 
encephalon, or third ventricle. Nerve-fibres grow along their walls, from neuroblasts 
which develop in the retinal epiblast, and pass towards the nerve-centre (His), and 
the cavities of the stalks become thereby gradually obliterated, the ra<iially striated 
epithelial-like arrangement of the wall being, however, long evident, A new con- 
nection becomes subsequently established between tbe posterior part of the optic 
Btalks (optic tracts) and the mesehcephalon, whilst the middle parts becorne united 
with one another to form the chiasma, 
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pr, the remains of the rarit; of the pTimory 
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pigment ; r, the thickened inner pait gi^iHK ™e 
to the columnar and other structures cf the retina ; 
t, commencing vitreous humour within the optic 
cup ; i/, the cleft throogh which a vascular loop, 
a, projects from below ; f, the leua with a cculral 
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The dcrelopment of the retma from the inner lajer of the optic cnp, has not 

been fiillj worked ont. In its earlier stages it closely resembles in Btmctnre the 
wall of the cerebral veBicles, conaiatiog of elongated epithelium-hke cells, apparently 
arranged in several interlocking layers, Of these cells some become developed into 
nerve-fibres and nerve-cells (inner granules and ganglionic layer), others into Busten- 
tacnlar tissne, similar to the neuroglia of the central nervous system (raolecular 
layers, Miillerian fibres), whilst the outermost layer forms the sense- epithelium {W, 
Miiller), or layer of outer granules, which is sharply marked off gainst the 
layer of hexagonal pigment cells by the mombrana limitans externa, as is the nerve- 
fibre layer from the vitreous humour by the membrana limitans interna. For a long 
time there is no trace of the rods and cones. These begin to appear some little time 
before birth in man and most animals, but in animals which are bora blind, such as 
kittens, not until after birth (M. Schnltze), in the shape of small protuberances of 
the sense-epithelium cells growing beyond the limitans externa, and forming at first 
the inner segments of the rods and cones, and subsequently the outer segments also. 
The latter aa they are developed become imbeddwl in the inner surface of the 
hexagonal pigment cells, which have become developed from the outer layer of the 
optic cup. 

The anterior third of the optic cup does not undei^o the changes above 
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described. Its two layers become here developed into the compai-atively simple pars 
ciliaria retiute, and in front of the ciliary region they extend forwards and inwards 
in front of the lens and in close contact with the back of the iris, where they form 
the thickly pigmented epithelium, which is known as the uvea and terminates at the 
margin of the pupil. 

Further development of the lens. — The hollow epiblastic i-esicle from 
which the lens develops is composed of a thick posterior and a thin anterior layer 
which pass into one another at the equator of the lens, and enclose a clear fluid. 
In mammals, the vesicle when first formed also contains a small mass of epithelimn 
cells which have become separated off iVom the posterior wall (fig. 100), but theee 
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afterwards disappear. The thin anterior layer remains throaghout life as a simple 
layer of cubical cells, and forms the so-called lens-epibhelium ; but the cells of the 
posterior layer grow forwards into the cavity of the lens-vesicle as the lens-fibres : 
those in the miiidle being the longest and straight, while the rest are slightly curved 
with their concavity towards the equator, and become gradually shorter towards the 
circumference, where they pass through gradually shortening columnar cells {transit 
tional zone) into continuity with the anterior epithelium. By the growth of these 
fibres the cavity of the lens- vesicle becomes obliterated. 

In this manner the central part of the lens is formed, and it consists in the main 
of fibres which pass in an antfero-posterior direction. The remainder of the lens is 
formed of fibres which are so disposed as to cuitc round its margin and over the ends of 
the first formed fibres ; they are, moreover, deposited in successive layers and in 
three (or more) separate sections, so that their ends abut against one another in front 
and behind along tri-radiate (or multi-radiate) lines, such as may be seen in the 
macerated lens. These later deposited fibres are all formed at the equator (at the 
transitional zone), where chiefly cell-multiplication takes place, and they grow hence 
meridionally backwards over the ends of the already developed antero-posteriorly dis- 
posed fibres of the central part of the lens. 

The capsule of the lens is early visible as a thin homogeneous membrane, the 
origin of which is still undetermined. According to some observers (Lieberkuhn, 
Arnold, Lowe) it is derived from a thin layer of mesoblast, which passes in between 
the lens and the optic cup ; according to others (Kolliker, Kessler, Balfour), it 
appears before any mesoblast has passed in, and they therefore regard it as a 
cuticular deposit from the lens ceUs. In the human embryo, His figures mesoblast 
as existing from the first between the lens invagination and the optic cup {v. fig. 97). 

In connection with this question it must be remembered that the substantia propria of the 
cornea (see below), which is formed of connective tissue, and is therefore mesoblastio in 
nature, also at first makes its appearance as a homogeneous deposit before anj mesoblast cells 
have passed in behind the corneal epithelium.^ Its chemical nature, and its continuity at 
the equator with the suspensory ligament and hyaloid membrane, certainly point to the lens 
capsule as being a connectiye tissue, i.e. a mesoblastic structure. 

Although the fcetal lens like that of the adult is itself non-vasoular, it is neyerthelesB 
externally freely supplied with blood-capillaries, which form a vascular tunic completely 
surrounding it outside the capsule. These capillaries are supplied by a branch of the arteria 
ceiUralis retiruB which passes forwards through the centre of the vitreous humour; in 
front, at ths margin of the pupil, they come into continuity with the vessels of the iris. The 
most anterior part of this vascular tunic forms a membrane which closes the aperture of the 
pupil in the middle periods of fcetal life. In the human eye the whole tunic, together with 
the artery which supplies its vessels, becomes atrophied and is lost sight of before birth, but 
in some animals the pupillary membrane remains apparent for a few days after birth. 

The vitreous humour appears to be formed from the mesoblastic tissue which 
has passed in between the lens and the inner layer of the optic cup by a gradual 
formation of a large quantity of ground-substance, whilst the cells of the tissue 
almost entirely disappear. The development of the hyaloid membrane has not been 
fully traced out, and the same may be said with regard to the zonule of Zinn. They 
are probably both formed by part of the same mesoblast as forms the vitreous humour 
^Lieberkiihn, Angelucci). 

The corfieo'sclerotic coat, the cJioroid coat, and the iris are all derived from the 
mesoblast surrounding the optic cup. 

The corneal epithelium is a portion of the external epiblast, which originally 
rests against the front of the lens rudiment. The substantia propria come« 
first appears in the chick as a thin homogeneous layer lying immediately within 

^ Kessler, however, looks upon this homogeneous deposit as being also a cuticular deposit formed by 
the epithelial cells. 
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this epitlieliam. Into this homogeneons layer mesoblast cella pase from the mai^n, 
greatlj thickening it aod producing eventually the regular layers of fibrous tissue, 
which arc chRracteristic of the cornea. No cells pass into the most anterior or 
into the most posterior gtratum, which remain homogeneous (anterior and posterior 

Fig. 103, — HoftizoBiiL sEcrroB 
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homogeneous lamellffi of Bow- 
man). The epithelium of tbe 
posterior homogeneous lamella, 
or membrane of Descemet, is 
derived from mesoblast cells 
which grow in like the cor- 
neal corpuscles from the mar- 
gin and spread themselves 
over the posterior surface of 
the cornea, thus separating 
this from the iris and anterior 
surface of the lens. For a, 
long while, however, there is no anterior chamber ; this ei'entnally a|>peai-s as a 
(left-like space between the cornea and the stracturea immediately behind it. 

In mammals, all the above stages of formation have not been described. A 
complete layer of mesoblast is early visible lying between the corneal epiblast and 
tHe lens epiblast, and continuous around the margin of the lens with the mesoblast 
of the vitreous chamber. In this mesoblast a cleft makes its appearance, separating 
it into two parts, one of which adheres to the corneal epiblast, where it forms the 
substance of the cornea, the other to the lens capsule forming the pupillary membrane. 
This cleft is the rudiment of the anterior chamber. It does not become actually 
distended with fluid until a short time before birth (Kolliker). 

The sclerotic is formed entirely from mesoblast around the optic cup, probably 
continuous with that which forms the cornea, although it is only later that the 
cornea and sclerotic come to be completely amalgamated. 

The choroid coat is formed from the mesoblast which is immediately in contact 
with the outer layer of the optic cup, and the forward growth of the middle tunic 
closely follows that of the margin of the cup. The latter ceases at first at the 
margin of the lens, hut subsequently grows forwards over the front of the lens as a 
liiin double layer, which is closely covered externally with a continuation of the 
choroidal mesoblast. This is the iris, over the back of which both the layers of the 
cap-margin eventually acquire pigment and remain permanently as the uvea. The 
ciliary body is formed by a kind of hypertrophy of the optic cup, which developes 
radial folds, enclosing thin portions of mesoblastic choroidal tissue, in which, as in 
the rest of the choroid, nmnerous blood-vessels and branched pigment-cells become 
fonned. 
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Accessory stmctures. — The eyelids make their appearance gradually as folds 
of integument, subsequently to the formation of the eyeball (fig. 103). About the 
third month of foetal life the two folds, one forming the upper and the other the 
lower lid, meet and unite by a growth together of the epithelium at the margins of 
the folds, so as to cut off the conjunctival sac from the exterior. A short time 
before birth they again become disunited. 

A third fold (of the conjunctiva) appears at the inner canthus, and in many 
vertebrates developes into a well-marked third eyelid, the membrana nictitans. In 
man it remains rudimentary, forming the plica semilunaris. 

The glands, hairs, and other structures belonging to the eyelids, are deve- 
loped in the same way as the corresponding structures in the rest of the 
integument. 

The lachrymal glaad is developed in the third month as a number of out- 
growths from the deeper layer of the epithelium, at the upper and outer part of the 
conjunctival sac. The outgrowths are at first solid, and branch into the surrounding 
connective tissue as with other racemose glands, subsequently becoming hollowed 
out and differentiated into ducts and acini. 

The lacliryinal canals and ducts are usually described as being directly 
developed by the enclosure of the fissure which separates the lateral nasal process 
from the maxillary process (see Development of Nose, p. 95, and figs. Ill, 112), 
and which passes in the early embryo from the eye to the upper part of the naso- 
buccal cavity (lachrymal fissure). But it has been shown, chiefly by the researches 
of Born, that in most animals the canal is at first formed as a thickening of the 
rete mucosnm of the epidermis, which sinks into the corium along the line of that 
fissure. The thickening subsequently becomes separated from the rest of the 
epidermis, and hollowed out to form an epithelial tube, which leads from the 
conjunctiva into the nasal cavity. 

The bifurcation of the duct where it opens on the conjnnctiva is produced, according to 
Ewetsky, by a broadening out of the epithelial cord at the inner canthus, and its subsequent 
separation into two parts by an ingrowth of connective tissue in its middle, the two parts 
developing into the upper and lower lachrymal canals. 
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The essential part of the ear, viz., the epithelial lining of the labyrinth, is 
developed in much the same way as the ciystalline lens, as an invagination of the 
external epiblast, which at first appears as a pit of thickened epithelium (auditory 
pit, fig. 104, A.), but is gradually converted by a growing together of the margins of 
the pit into a hollow island of epiblast, the auditory or otic vesicle (fig. 104, B). 
This process occurs somewhat after the formation of the eye is laid, and at quite a 
difierent part of the head, viz., on either side of the hind-brain just over the upper 
end of the first post-oral visceral cleft. The vesicle comes at first into close contact 
with the hind-brain, except where the ganglionic rudiment of the auditory nerve 
projects between them, but it subsequently becomes entirely surrounded by meso- 
blast, which separates it from both the neural and external epiblast. 

The hind-brain does not send out a hollow process towards the otic vesicle 
corresponding to the optic processes of the fcre-brain, but the auditory nerve 
developes from a solid outgrowth of the neural crest in the same way as the 
posterior roots of the spinal nerves and parts of many other of the cranial nerves 
(see p. 78). 

The otic vesicle is at fii*st flask-shaped, with the somewhat elongated mouth of 
the flask directed externally towards the original point of connection with the 
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exterior. Id eloBmobranch fishes this connection is oeTec closed, but remains 
throughout life ia the form of a small duct-like tube which passes up through the 
cranial wall and opens on the epidermie. In other vertebrates the connection with 
the exterior becomes closed — in the chick duriog the third day — nnd what remains 
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" ' of the original mouth, or canal of connection 

, wth the exterior, ia visible as a distinct bnt 
small process from the upper and inner angle 
of the vesicle, and is known as the recess of 
the labyrmtk (fig. 104 c, 7:1). EventuaUy it 
developes into a long epithelial tube, which 
passes through the petrous bone, with an expanded end lying within the skull 
underneath the dura mater. This tube and its expanded termination form respec- 
tively the endohjmphatk canal and sacculs (fig. IOC). 

In the meantime the auditory vesicle becomes elongated and begins to be 
irregular. Its ventral end projects as a distinct hollow process, at first straight, 
bnt soon becoming: onrved ; this is the rudiment of the epithelial canal of tfie coekUa. 
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Other hollow projections appear Dear the dorsal end of the vesicle ; theae form 
the two superior semicircular canals ; the horizontal canal appears a little later. 

The mode of farmation of the canals is somewhat peculiar. They first appeal aa flatt«ned 
BemicircDliu' hollow protruBiona of the wall of the vesicle. Their sides then come together 
and coalesce, except nesr the circumference of the eemicucle, which now forms a tube oon- 
oected at both eiida with the vesicle. Sabsequeutly a separation or breach of continuity 
ocoors over the area of coalescenoe, so that the rest of the tube is free. One of the ends 
becomes dilated into an ampulla and connected with a branch of the auditory nerve. 

Whilst these procesecs arc occurrlDg at the dorsal and ventral ends of the now 
elongated vesicle, a fold, or constriction, of the n'all is b^inning to make its 
appearance about the middle, and thus the posterior part which is connected with the 
semicircular canals becomes gradually separated (as the utricle) from the anterior 
part, which forma the saccale, and is connected with the cochlea. This fold extends 
into the beginning of the recess of the labyrinth, and separates it longitudinally for a 
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A. Left labyrinth of a hinnan cmbrjo of aboat four veelu, Tieved from the outer side, r, veBtdba- 
lar part ; c, coclilear part ; r.l, recrsaus labyriDthi (aquEeductua veatibuU), 

B. Left labyrinth with jiarts of the facial and auditory nerves of a human embiyo of about 4i 
reeks, b.b, surface of the bind brain ; v, utricular ; t, saccular part of labyrinth ; a.t.c., p.s.c., 
CI c, rudimentary folds representing the two vertical and the horizontal semicircular canals ; r.l, upper 
part of recessuB labyrintbi bcconiing enlarged into the endoljmphaljc saccule ; c.c, rudiment of cochlea ; 
n.v, veatibular branch of auditory nerve ; g,v, vestibular ganglion (ganglion of Scarpa) ; g.e, cochlear 
ganglion ; n.f, facial nerve, with geuiculale ganglion, g.g, 

C. Left labyrinth of a human embryo of about five weeks, viewed from without and below. Letter- 
ing as before. The horizoDtol canal is stilt only a fold. The ampullsB are beginning to be visible on the 
two Tflrtical canala. 

short distance into two tubes, one of which opens into the utricle, and the other 
into the saccule, forming the onlj permanent means of communication between 
their contents. Another fold, or constriction, appears presently, somewhat lower 
down, and converts the connection between the saccnle and the cochlea mdiment 
into the narrow duct of Hensen {ca7ialis re-uniens). 

In the meantime the cochlea-rudiment at the ventral end of the now labyrinthic 
vesicle, becomes elongated into a tube, which, as it grows, becomes coiled upon 
itself in snch a manner aa to produce the spiral structure of this part of the auditor; 
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Fig. 107. — ^Transverse and sltghtlt oblique sectton of the head of a f(etal sheep, in the 
BBOiON of the hind BRAIN. (Froio Foster and Balfour after Boettcher.) 

HB, inner Burface of the thickened -n'alls of the hind brain ; BB, recess of the vestibule ; VB, 
commencing vertical semicircular canal ; CO, canal of the cochlea ; GC, cochlear ganglion of the right 
Bide ; on the left side. Q', the ganglion, and^, the auditory nerve connected with the hind brain. 



Fig. 108. — Transverse section of 
the head of a F(etal sheep of 
four-fifths of an inch in length. 
(From Foster and Balfour after 
Boettcher.) 

RV, recessus vestibuli ; VB, vertical 
semicircular canal ; CC, cochlear 
canal ; G-, cochlear ganglion ; HB, 
horizontal canal. 

organ. This coiling, however, 
only occurs in mammals ; in 
birds, the cochlea is a short 
straight b]ind tube. 

All these parts of the laby- 
rinth are, when first formed, 
simple epithelial tubes sur- 
rounded by and imbedded in 
embryonic connective tissue. 
As development proceeds, and 
the skull begins to form, a 
cartilaginous capsule becomes 
developed around the several 
parts of the labyrinth, and 
this at length becomes ossified. 
The cartilaginous capsule does 
not closely invest the epithelial structures ; they are immediately surrounded by 
embryonic connective tissue, which forms an internal periosteal lining to the capsule 
and a special covering to the epithelial tube. These two connective tissue membranes 
are everywhere separated from one another by gelatinous connective tissue, composed 
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of semi-fluid groand substance and branching corpuscles^ except along one border, 
where they are in continuity. But in the cochlea the gelatinous tissue is above and 
below the epithelial tube, the place of the modiolus being occupied by embryonic 
tissue which is not gelatinous, and is connected with that lining the capsule by 
simOar non-gelatinous tissue separating the turns of the cochlea from one another, 
and also running in the position of the future spiral lamina. 

The bone, which is formed bj ossification of the cartilaginous capsule, is of a spongy 
natnre, but it becomes ooated intemallj bj layers of compact bone deposited by the periostad 
lining. The modiolus and septa of the cochlea, as well as the osseous spiral lamina, are 
forjned wholly in connective tissue without any preformation in cartilage. 

The perilymphatic spaces throughout the whole labyrinth are produced by a 
gradual vacuolation and disappearance of the gelatinous tissue which surrounds the 
membranous labyrinth. In the cochlea this conversion into perilymph begins in the 
proximal turn of the spiral and extends hence towards the distal end. It is only 
with the development of these perilymph-spaces (scalse) that the cochlear tube, 
which was previously oval in section, acquires the characteristic triangular section 
which we see in the fully-formed organ. 

The auditory nerve is large and early becomes separated into its two main divisions, vesti- 
bular and cochlear. Each division has a large ganglion upon it (fig. 105), which extends 
to the anterior wall of the epithelial vesicle, and as the ventral end of the vesicle elongates 
and assumes the spiral disposition, the cochlear nerve and ganglion extend along with it and 
take the same coiled or spiral form. 

The cells which form the waU of the epithelial tube become variously modified in different 
parts of the labyrinth to produce the characteristic structures which there occur, viz. : the 
hair-cells, the rods of Gorti, the sustentacular cells of Deiters and the epithelium lining the 
labyrinth. The membrana tectoria appears as a cuticular deposit over the columnar cells 
which are becoming developed into the organ of Corti. 



AOOXaSOBY PABTB OF THID OBQAN OF EXABINQ. XXTUBNAIi AXn> MIDDUB mAB. 

While the epithelium of the internal ear is formed by an involution of cutaneous 
epiblast in the manner which has just been explained, the middle ear with the 
Eustachian tube, and the external auditory meatus with the pinna are formed from 
the remains of the first visceral cleft^ and from the parts of the mandibular and 
byoidean arches which immediately bound the cleft. This cleft at an early period 
forms an almost complete communication between the pharynx and the exterior/ but 
the broad cleft becomes gradually converted into a flattened tube, and this is presently 
found to be closed, both by the epiblast and hypoblast, which are from the first 
in contact at the bottom of the cleft, and also by an ingrowth of mesoblast, the 
rudiment of the membrana tympani being thus formed. There is at first no enlarge- 
ment of the flattened tube to represent the tympanic cavity, and the ossicles are 
developed not within, but altogether outside the tube, in a mass of gelatinous con- 
nective tissue, which is continuous with that forming the embryonic membrana 
tympani ; they are formed for the most part by ossification of parts of the carti- 
laginous bars, which extend from the otic capsule into the mandibular and byoidean 
visceral arches (see Development of Skeleton). As the tympanic cavity becomes 
formed by a gradual enlargement of the blind end of the closed hyomandibular cleft, 
the gelatinous tissue retires before it, and as this tissue disappears, the ossicles and 
the chorda tympani which were previously entirely enveloped by it, are left projecting 
into the tympanic cavity, covered only by thin mucous membrane. The process of 
formation of that cavity is not, in fact, completed until after birth, when air becomes 
admitted into it through the Eustachian tube. 

^ Vide footnote on p. 102. 



ENT OP THE EAR. 

le is at first close to the exterior, the exteni&l 
;h the Bereral parts of the external ear are very 



Pig. 109.— Sketch KS eHOVina trb oriddil biTiLopsfiBT or tbr Pikra &r 

mOU FROUtNEMCKS UPON TBB MANDIBULIR AND HTOIDIAM VISCIHAL IHCHB. (HlB,] Y&rioiul)' 

magnifitd. 

F is BD ODtline sketch showing the Eeverat parla of a irel1-il«Te]op«4 ftdult car, |nl nutiinU size. 

], 2, promiaences on the mandibular arch; 3, praminence botwecn the tiro Rrcbea, immcdialel]; 
orer the cleft, prolonged posteriorlr into r, behiad the h;oi Jean arch ; 4, 5, and 6, prominences on the 
hjoidesD arch ; L, in B, otic resicle {seen also in A) ; K, loser jair. 

Of the prominences enamerated 1 forms the tngns ; 2, 3, aod 3«, the hetii ; i, the ontihelix ; 
6, the antilragus ; sod fl, the lobule [vide P). 
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early distinguishable as slight protnberanoes upon the margins of the shallow clefb- 
like depression which is all that represents the meatus at this st^e (fig. 110, a). But 
as the body wall becomes thicker, the cleft becomes deepened and more tubular, and 
the protuberances upon the mandibular and hyoidean arches become gradnally so 
transformed and arranged around the external orifice as to be recognizable as the 
several parts of the future pinna. . The transformations may readily be understood 
from the study of the accompanying series of sketches fi'om His, which show these 
parts in gradually advancing stages in the human embryo (fig. 109). 

DEVELOFUENT OF THE VIOBB. 

The olfactory orpin arises in all vertebrates at an early period of embryonic life 
as a depression of external epiblast {olfactory pit) on either side of the fore-brain. 
The epiblast in this region becomes thickened, forming an olfaclory arm, and a de- 



Kig, nil. — I'nOPII.B TIKW OP TKB HBin OP A 
HDBiHEllBlltOO. BKABLI FOURWEKK?. (Hk) Fig. Ill,— HkIPO 

alf, ' olfactory depression passing poateriorly 
into a deep pit, the mdiment of J&cobson's 
organ ; m:, nuudllary procesa : mn, mandibular 
nrob ; ky, hyoiiieau arch ; &r*, hr', first and 
BKXind branchial archcii. 

pression then forms in this area surrounded by a raised margin (figs. 9C, !)7, olf). 
The depression soon appears pyriform, the smaller end extending as a groove towards 
the stomod(Hum or buccal invagination (see fig. IH), oJf) ; near this end a special 
pit is early visible, and becomes developed into Jacobaon's organ. 

The thickened boundaries of each olfactory pit and groove are formed by the so- 
called mesial onA lateral tiasal piocessen (figs. Ill, 112). The mesial nasal processes 
are united at their base by a depressed median parb of the fronto-nasal process, but 
are at first separated below, where they terminate in distinct tubei-clea, termed by 
His the globular processes. As development proceeds they extend back\vai-ds along 
the roof of the embryonic mouth, forming the nasal laminte. Eventually the 
globular processes coalesce in the middle line to form the intermaxillary process and 
the middle part of the lip, while from the depressed surface between them the 
lower part of the nasal septjim and the philtrum are formed, and by a coaleficence of 
the nasal taminfc the rest of the nasal septom is produced. In rodents a notch leads 
from the nasal septum through the upper lip to the mouth, and represents an im- 
perfect union of tbc globular processes. 

Above the depressed surface just referred to, is a triangular part of the fronto- 
oasal prooees which forms an angle with it. This angle eventnally becomes the 
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Fig. 112.— HIjU) Of AN UIBBTO 9TIU MOBB ADVIHCID D PBVtLOPHBat. (HU.) 

A, from above ; B, roof of mooUi sftar remo>al of lower jaw; int, placed od tbo fronto-iiM 
pmieBS and jast above its iatermediote depressed p*rti l.tl-pr, tateial ntwal proceaa ; m.n.pr, ma 
nasal proceui ; the other leiters as before. The nasal lamtoie of the globolar processes and t 
palatine projectlona of the maxilkt? processes are seen in B. 



C SBTBB Kg. 11*.— HSABOl 



The external nasal proceBsra have united with the PSBBiUBKT BKuriOKSHiPi (His.) 

maiillaij and globular procesges to shut oB the 
otfactor; pit from the orifice of the mouth. 

point of the nose, aod the triangulfu* Borface above it the bridge ; the alee nasi are 
formed by the lateral nasal processes. These processes are less prominent than the 
mesial (fig. 1 1 2). They carve round the olfaotoiy depressions, and meet the maxillary 
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processes ; between the two processes (lateral nasal and maxillary) the lachrTmal 
groove passes from the eye to the nose (figs. Ill, 112). The maxillary processes 
also abut in front against the outwardly curving ends of the processus globulares, 
which together form as just mentioned, an intermaxillary process, and the three 
eventually coalesce to form the upper boundary of the mouth, which is thus shut 
off from the anterior orifice of the nasal fossae (fig. 113). But further back the 




Fig. 115.— Outline of a traksversk vertical section through the nose and upper jaws of a 

sheep's embryo with open palate. (From Kcllliker.) 

The lower jaw and tongue are removed ; m, the mouth ; d, dental germs ; jj, the palate plates 
approaching each other in the middle ; /, the nasal fossaa ; c, nasal cartilage ; 8, septal cartilage ; j, the 
two organs of Jacobson with their cartilages internally. 

olfactory depressions, which are now developed into clefk-like cavities, and are in- 
creasing in complexity by the development of the projections which are to form the 
turbinate bones, are still freely in communication with the buccal cavity, and it is 
only by the growth of the palatine processes of the maxilte (fig. 115, j^) and their 
coalescence in the middle line with one another, and with the lower part of the nasal 
septum, that the nasal cavities are cut off from the mouth and from one another, 
and now only open posteriorly into the upper part of the pharynx by the posterior 
nares (clioarue). 

The median or septal part of the external nose, with its columella below, is 
formed, as above stated, of the coalesced mesial nasal processes, the alas nasi being 
developed from the lateral nasal processes. The septum is at first broad and de- 
pressed, so that the nostrils are widely separated from one another (fig. 114), a con- 
dition which remains to a certain extent permanent amongst some of the dark races 
of mankind. 

From the above description it will be seen that the olfactory organs are at first altogether 
distinct from the mouth, that thej subeequently pass backwards, as grooves, deepening into 
distinct clefts, along the roof of the mouth and forming in fact the upper part of the embryonic 
buccal cavity, and that finally they are again gradually separated from that cavity by the 
growth of a horizontal septum to form at first the hard and afterwards the soft palate. 

The median union of the palate begins in front about the eighth week and reaches the 
back part and is completed about the tenth week. Imperfect coalescence of these parts pro- 
duces thd malformations of hare-lip and cleft palate in their various degrees. Usually, how- 
ever, in man the coalescence is completed at a comparatively early period of foetal life, 
although a vestige of the original separation may be found in front at the junction of the 
maxillary processes with the coalesced globular processes (intermaxillary), as tiie naso-palatine 
canal or incisor foramen, which is occupied by connective tissue, blood-vessels, and a branch 
of the fifth nerve. In many mammals, however, an actual communication remains through- 
out life between the nostrils and mouth in this situation. 

The organ of Jacobson is early visible on either side of the nasal septum at its lower part 
in the form of a narrow tube, oval in section, running horizontally in the substance of the 
septum and opening anteriorly near the upper orifice of the naso-palatine canaL When the 
cartilage of the septnm becomes formed, a special curved plate of cartilage is seen partially 
enclosing this organ ; bat both the organ itself and the cartilage are less conppicuons in man 
than in most mammals. According to G^genbaur the rudiment which has been described in 
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98 RECENT LITERATURE, 

the human embryo as the organ of Jacobson is not really that stracture, bnt represents a 
special gland which occurs in pome lemurs in the lower part of the nasal septum. 

The epiblast of the olfactory area early becomes thickened, and resembles in structure the 
neural epiblast (His). As in the latter, some of the cells (neuroblasts) become pyriform and 
nerve-fibre processes grow out from them, whilst the remainder form long sustentacula^ 
columns, which partially anastomose to form a spongework. The neuroblasts subsequently 
pass out towards the olfactory lobe as already described (p. 81). 

All the complexities of the nasal fosssB (and they are far more complex and labyrinthic in 
many animals than in man) are produced by folds and outgrowths of the original simple 
depressions, and the thickened epithelium of these depressions extends over all parts of the 
cavities which are thus formed. But it is only in the upper part of the nasal fossae that the 
connexion by nerve-fibres with the olfactory lobe becomes established, and it is in this part 
only that the true sense-epithelium becomes developed. In the lower, or respiratory part 
of the foss2B the epithelium remains relatively thin and becomes ciliated. 
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DEVKLOFUEm? OF THB AT.TMENTABY CAKAL. 

The early development of the primitiye alimentary canal has already been briefly 
described in treating of the first formation of the embryo (pp. Si, 35), and it was there 
explained how the dipping downwards and inwards of the blastodermic layers on 
either side of the embryo tends to separate or pinch off the part of the blastodermic 
vesicle which is immediately nndemeabh the body of the embryo as a distinct tabe 
(mid-gut) from the remainder of the vesicle, which is now known as the yolk-sac, while 
at the same time similar changes occurring in front and behind produce the blind 
anterior and posterior extremities of the tube which are known as the fore- andliind- 
gut respectively. Althongh the downfolding in question eventually involves all the 
layers of the embryonic blastoderm, the epiblast and the part of the mesoblasb which 
adheres to it, and together with it forms the splanchnopleure, do not participate in 
the process until after the formation of the amnion, so tiiat the alimentary canal for 
some time after its formation is enclosed only by the hypoblast and its adherent 
mesoblast (splanchnopleure), and projects freely into the wide coelom or space 
between the splanchnoplenre and somatopleure. The mid-gut also remains for a 
time in free commauication with the yolk sac, althongh the conunnnication becomes 
gradually narrowed into the vitelline dnct. As the Bomatoplenre afterwards grows 
down on either side of the alimentary canal, and becomes pinched in aronnd the 
vitelline duct and stalk of the aUantois, which are thus united into the mnbilical 
cord, that part of the coelom which is within the body and aronnd the atimentaiy 
canal becomes shnt off as the pleuroperitoneal cavity from the remainder, which lies 
»It<^ether oataide the body, and forms the cavity of the false amnion. 

Developmsat of tlia montli and of tlis parts is ooanectioii with it. — 
The fore-gut terminates blindly at first underneath the head in the region of tho 

Pig. 116.— PROBTit TIKW OP THK CPPEB PART OP 1 HCUiB 



Irhe p«ricardiani is opened to sbaw the h«art ; bel>«een this 
and the fore-hrain is ieea the primitivB buccal carit;. A de- 
scription of thia figure ii given on p, 138. 

hind-brain, and the notochord, with the fore- and 
mid-brain, carve downwards over the blind extre- 
mity, the fore-brain thus causing a rounded pro- 
minence in front of and ventral to the extremity of 
the alimentary tnhe (see fig. 45). With the develop- 
ment of the heart another prominence becomes 
formed on the ventral side of the fore-gut, a little 
further back. Between the two prominences, the 
one caused by the projection of the fore-brain and 
the other of tjie he^t,awide, shallow pit is enclosed 
(fig. 116), at the bottom of which the epiblast 

which lines it is in contact with the hypoblast of the fore-gut, and the two layers 
fuse to form an epithelial membrane, which now forms a septum between the 
primitive buccal epiblastic involution or stomodfeum and the fore-gnt (fig. 117, 
p.v.). This stage is met with in the human embryo before the twelfth day (His), 
in the rabbit embryo at about the ninth day (Miha'lkovica), and in the chick on the 
fourth day. 
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The stomodEeam deepens at its npper and anterior part, where it fonns a 
pocket-like protrusion, which grows a certain distance into the angle furmed by the 
sharp bend which the hinder part of the fore-brain now makes with the mid-brain. 



15 DATS, WITH Tint AlTKICmAKT OiXAt 

I0!i. (HU.) 

Fig. IIX.— SlatLAR 'TIET ot A AOXRWEAT OLDEIt RXBRTO. (HU.) 

1, 2, S, i, 5, are oppoute tbe reapectiva Kcondu? cerebral TCKicIa ; from th« side of the fore-bnin 

tbe primal? optic TCBicta in seen projecting ; of. otic redcle ; p.v,, ncptnm lietween month knd phurnx 
(primitiTSTeliiiD) : I, commencing lirer in BeptaiD trsnsTersam ; r, TitcUinestalk ; oU. altuitoia enclomd 
wibhin dllantoio stalk; j f., jngulfir Tein ; r.!-., cardinal vein ; t.r.. sinus Tan teas within septqin tnun- 
lennim : u.a., nmbilicsl (allantoic) arterj ; l.u.v., left umbilical vain. The sharp carve of the truak o[ 
the embryo towards the ;olk-sac is normal at this stage. 

In fig. 117 the otic reaicle is atill open, and there are onl.T tiro aortic arches ; in fig. 113 the otic 
reside is closed ; there are now five aortic archea. The primitiTe Telam has distppnared. 

This pocket (Rathke) is the hi/pophi/sis cerebri, or pitnitaiy involntion of the buccal 
epiblae^, and conies presently into connection with the infandibnlar protmsion of the 
neural epiblaat. the two together forming the pitnitaiy body (see p. G8). It lies 
jnst above and in front of the pharyngeal septum. 

Hie reniains of this septum (when it has become broken throngh to allow of a oommnnioa- 
tion between gtomodsiun and tore-gat), hare been termed the primifirf relvin, but the septam 
bfia nothing whatever to do with the formation of the permanent velum paUti, or with the 
isthmus of the fauoee. The plane of the septum forma in fact an ang'le with the plane of the 
future isthmus faucium, bo that the primitive mouth or stomod^nm does not b; any meAns 
correspond with the permanent mouth. In fact the floor of t^e month, including the tongne, 
is developed hfliind tiie septum, and therefore in connection wiUi the fore-^t tsther tliaa willi 
tlie 8t«modEenm, whereas tbe uppermost part of the pharjnx, inolnding' the ohoana, is injrtmt 
(i/'the wptam, and therefore belongs to the stomodnnm. 



THE PHARYNX. 

The shallow and widolj open stomodeum booh deepens and is now seen 
to be specially bounded by certain prominences placed above, below, and at the 
sides, within and from which the several parts of the face are eventually pro- 
duced (figs. Ill, 119). These promineacea are the /Tonicnasal which projects 
over the atomodffium, and is formed primarily by the prominence of the fore- 
brain, bnt afterwards acquires a considerable thickening of mesoblast, which ex- 
tends into it from the basis cranii ; the mandilmlar or first visceral arch, which 

Kg, 118.— PEOYILB VlKVf Ol- A HUKAN BMBBVO OV 



mx, msxitlarj process ; inn, mandibul&r arab ; 
d.C, dnct of Cnrier ; jy, jagulur VHin ; o.r, oardind 
Tein ; v.v, TitelUno Tein ; u.«, umbilical vein ; u.o, 
ombilieol uterj ; all, ollantoU ; pi, placental attach- 
ment of allantuic atalk ; olf, olf>d«i7 depressioD ; 
et, olic vesicle. 

after passing obliquely round the fore- 
gut, takes a horizontal direction on its 
ventral side, and meets its fellow in the 
middle hne, the two together formii^ the 
ventral boundary of the stomodEeum ; and 
the maxillary p'oceis, which grows from 
the base of the mandibular aich, and 
projects on either aide of the stomodienm, 
filling up the gap between the fronto- 
nasal process and the mandibular arch, 
and forming the latei-al boundary. 

The sepantbn of the sbomodieum into an 
apper or oUactory and regpiiatory part and a 
lower peTmanent bnooal cavity, together with 
the chaufcee which occur in the Ironto-OMal 
and maxiUaTyptoceesea to produce the reetUt, haa 
Already been referred to in describing the de- 
velopment of the nose (pp. 9B to 97). 

FluuyiUE. — The remainder of the ali- 
mentary canal below the mouth is nearly 
simple, at first consisting, as before men- 
tioned, of a tubular portion in front — the 
fore-gut ; a shorter tubular portion behind 
— the hind-gut ; and a middle part which -* 

is freely open to the yolk (fig. 117). 

The hind-gnt remains simple throughout, except that the altantuis grows ont 
&om its ventral aspect.' Bnt in front a differentiation soon makes its appear- 
ance, the cephalic part becoming enlarged to foim the phaiynz, whUe almost 
immediately behind this another enlargement forms the stomach. The hypoblast 
lining the cavity of the pharynx grows out on either side sncceesivcly at four distinct 
levels, and to a less extent the epiblast dips in opposite the hypoblastic outgrowths. 
In this way eventually four deep clefts between the pharynx and the exterior become 
formed ; these are known as the a^fialic visceral cle/ls (figs. 110, 119, in external 

' In the faatnaa embtjo the allantoia appears b> b« formed by a direct continnation of tha lateral 
fotdi, which have united to form tbe main alimentary tube, nhile the part of the tube behind tfa« 
•Uantoii (bona) appean as a blind protraaion '.His). 
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appearance; figs. 117, 118, seen from witliin).i Between them, aad also in front of 
the first cleft, the pharyngeal wall is greatly thickened ao as to exhibit the appear- 
ance of curved bars bonnding the clefts ; these bars are known as the cephalic 
visceral arcJies, and are five in number, viz. : the first or mandibular, in front of the 
first visceral cleft, between it and the mouth : this in the seat of formation of the 
lower jaw ; the second or hijoid arch, between the first and second clefts ; the third 
or thijro-hyoid arch, between the second and third clefts, which in fishes and 
amphibia develops gill-plates, and is therefore also known as the first branchial 
arch ; the fourth between the third and fourth clefts, corresponding with the second 
branchial arch of fishes, but small and inconspicuous in man and mammals ; and the 
fifth or second branchial still smaller and more inconspicuous, forming the posterior 
boundary of the fourth cleft, and hardly rec(^izable as a distinct bar in man. 
After the fourth week, and with the increasing flexure of the head, the arches become 
somewhat shifted over one another, so that t£e fourth ai'ch is concealed by the third, 
and the third by the second. 

The mondibuIaT arches earlj become nalted on the ventral aspect ; from the fifth week 
their imian is complete (fig. 1 II, vin) and in man ehows eventaally no aga of a median grooTe. 
The other arches do not at first reach the middle line (His), the space between their central 
ends being oconpied bj the heart and pericudiom ; as these shift bookwaida a smooth infra- 
mandibnlAr surface is loft eztemallj. 

I>«velopiii«n.i of tlia tongue. — ^Within the pharynx, the second and third 
arches of the two sides are separated by a forked elevatiou {furculd) with a median 

Fig, 120.— PoStEBIOB A8PBCT 01 IHB VUCBBAL ARCHES OF TBS BHBBTO 
PBiETJX. (His.) ¥ 

The first or mandibular pair of aiches join in the middle line ; the 
second arches are separated by a rannded promineiice (tnbercnlnm 
impor). Behind (below) this is (he forked prominence (furcuU) 
bounding a median groove vbich Till become the laryngeal orifice. In 
the sectJODS of each of the first two arches, the included Hiterj in seen. 
The Boman nnnieraU are oppodte the corresponding arches. 

groove, in firont of which is a ronnded tubercle (/. impar. 

His), which arises in the angular space between the 

first and second arches (fig. 120). The groove aronnd 

the furcula {sinus arcuatus. His) passes laterally into 

the visceml clefts. The second and third arches aft^rwuds unite between the 

furcula and tuberculnm impar (fig. 121, A). Thus united, the junction forms an 

X-shaped mass. 

From these conjoined extremities of the second and third arches on either side, the 
root of the tongue grows upwards and forwards as two prominences, which diverge 
in a V-shaped manner to embrace the anterior or papillary part of the organ which 
is developed from the tubercnlum impar (fig. 121, B). At the angle of the V is a 
deep depression {foramen, cacum) ; this leads into a diverticulum, which forms the 
median rudiment of the thyroid body. When the parts of the tongue are united, 
there is still for a considerable time a V-shaped groove marking the line of union 
(fig. 122), and even in the adult there is oftieu a distinct trace of this groove {sulms 
tfn-minalis. His). Parallel to this, and somewhat in front of it, the papillte vallate 
are developed, and in front of these the other lingual papilUe make tiieir appear- 
ance (about the end of the second month). 

' According to His, who is confirmed bjBam and b; Eiilliker, these clefta are not asaruledereloped 
into complete apertures in birds or mammala ; althongh the membranes which cleee them are compoaed 
onl; of jaxiapased epi- and hjpobLut, the mesoblast Iwnnj; disappeared. 
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The furcula gives rise to the epiglottis in front (ab 
either side, and the arytenoid cartilages behiod (below) ; 
to the entrance of the larynx. 

Laterally the 2nd arch passeg into and forms the palato-gloaal arch, and in the visceral 
cleft behind this the tonsil developB ; bnt the 3rd arch does not form the palato-pharjngeal 
arch ; this is developed fi-om the palatine ontgrowths of the maiillnry processes. 

The viecena arches were first desoribod by Rathke, in 1825. They are often dis- 
tinguished an the pBtt-buceal Tisceral arches j certain partfl in front of (above) the month 



Kg. 121.— Siiouii VIIW3 OF m Bun pabw nr ouaa bmbstos. (His.) A. f, B. y 
T, tahercnlum impar. 

being coDddered \sj some morpholc^sts to represent pra-huceal arches. Tlie visceral clefta, 
lying between the arches are, «a has been stated, four in number. The fliat is often known as 
iba kt/omandiMar cleft : it is this one which is conoemed vith the formation of the 

Fig. 122. — Smiua virw in a oomiDBftiBLT older 

(Hit) 



ihian tube and middle ear as already de- 
scribed. The three remnining clefts, which repre- 
sent gill-slits of fishes and amphibia, appear, from 
the results of recent observations, to be closed in 
amniotic vertebrates at all periods of ftetal life 
(see cote on previona page). In some fishea the 
branchial arches and clefts are mora nnmerona 
tJian in other vertebtntes, and in a few the hyoid 
arch also develops a gill. 

Throunh each of the visceral arches an arterial 
arch derived from the aortic bulb passee from 
front to back renniting dorsally in front of 

the notochord to form the aorta. In branchiate vertebrates, branches of these vesFCis are 
distributed to the gills. Cbrtilaginons bars pass, in most vertebrates, from the base of the 
Bknll into each visceral arch, and ossification occurring in or around them, form definite parts 
of the skeleton as will be afterwards described. In man and mammals these cartilf^inons 
bars are only found in the first three visceral arches, unless the thyroid cartilt^ is to be 
regarded as representing the anterior (ventral) ends of the bar of the 4th arch (Callcnder). 
The fourth and fifth visceral arches may be considered as belonging to the neck rather 
than to the head, and the congenital fissures of the neck which sometimes occur as a mal- 
formation, and which usually open eiteinally far down in the cervical region, have been 
regarded as due to persistence of one or more of the branchial cleft«, shifted in position by the 
cervical elongation which takes place in later embryonic life. 

(Ewpliagiu, itomaoli, and intastines. — Immediately behind the pharynx, the 
fore-gat contracts again to form the cesophague, which, ia the early embryo, corres- 
ponduig with the imperfect development of the neck, is yery short (figs. 1:23, 125, A) 



TOMACH, AND INTESTINES. 

dilatation vhich repreeeutB the Btomuch.' This 
ight (6g. 125, A, Mg), soon begins to show the con- 



V«LV)I. (Hi..) ¥ 
The >IiiDentu7 canal ie shaded throughout ; U. K, 
Kctian of nuuidibiilu nich ; R. T, fajpophjua ; bebiod 
it the remaioB of the pharyngeal Heptum ; Lg, com- 
mencidg lung, the future orifice of the lii7iix heiag 
opposite K ; Mg, stomach ; it, IJTer ; Nh, jolk stalk ; 
W, Wolffian duct ; B, blind iiortion of hind gut; 
ail, aJlantois. 

vexity of the greater curvature on the sidu next 
the vertebral column, and the concavity of the 
leaser curvature on the opposite border (fig. 
1 25, B, Mg\ while the pyloric end becomes 
tilted away from the vertebral column, pro- 
ducing the duodenal loop (fig. 125, C, D). 
Finally the oi^an becomes turned over on 
what was previously its right side, which now 
becomes the posterior surface, and the pyloric 
extremity being also tilted over, the duodenal 
loop is thus thrown over t« the right side of the 
abdomeu (fig. 12G). The small intestine is also 
at first quite short and straight, with a wide 
aperture to the yolk-sac (fig. 125, A, J^h), 
but gradually lengthens as the communication 
with the yolk-sac becomes more contracted, 
and (besides the loop formed by the tilting of 
the pylorus) develops a long Y'B^P^*^ ''^P 
opposite the attachment of the vitelline dnct 
(fig.l25,C,D. andfig. 127). 

The loop of intestine to whioh the viteUine duct 

Ib ftttached paaeee, for a time, into the mnbilioal 

ootd, close to ita attachment, eaoloeed in & protruaion of the peiitoueal caritj (fig. 124). It 




UMBILICAL cosD. (Allen Thomson.) 
The smnion aad Tilloui chorion have beeo opened and 
the embrjo drarn aaide from them ; r, ambilioJ Tcside, 
CDnn«cted with the coil of intestine, i, bj a small, almost 
lineal tube. The figure at the Bide represente the fitst 
part of the ambilical cord magnified ; i, coil of iiit«»- 
tidc ; ri, vitelline-intestinal duct, Alongside of which 
are seen omphalo-mesen eerie blood- vessels. 

ThemMMntoryisdeveloped by a thinning 
out and estenaion of the mesoblastic tissue 
which lies between the intestine and the 
Vertebral column. It forms a continuous membrane along the whole length of the 
alimentary canal from the stomach to the rectum, although the part attached to the 
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K TBI DinLOFHIHt OF 
BEVO. (HU.) 

Ch, Dotochonl ; Sd (in Bl, medlui rudimsnt of tbyniid ; P, nmcita* ; Vig, bile dnct ; Di, Titelline 
duct ; Zg {iaC aid U), tongae ; N, permuieiit Udaay ; d (in D), cloua ; An, oniu in coutm of fonii- 
ation ; ^, midaI pramiDence ; £1, btil ; Oc, oceciun goU ) Tr, trachea ; K, liirnx. The other letter- 
ing m in fig. 123. 
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stomach is known as meaogaatriam and the parts attached to the fature colon and 
rectum are termed respectively mesocolon and mesorectum. The stomach begins to 
assume its characteristic shape while still lying with its longitudinal axis in the 

Fig. 126. — PbONI VIBW of ILTHSNTABT CAMAL, IUTHFE LSra ADTAKOBD in 
DBVBLOPMIBT THAH THAT BBOWII IK FIO. 125, D. (His.) V 

Tbc ptiarynx ^nd opper port oF ixaophsgua, and lerminstion of (he large 
intestine are not representeJ. Lettering as in Sg. 125. 

median plane of the body ; it is then seen that the mesogastrium 
passes to its greater curvature (fig. 127), which, therefore, is 
that corresponding to the mesenteric border of the intestine. 
And as the pyloric extremity of the stomach and lesser curva- 
ture are tilted forwards and upwards, and at the same time 
the whole oi^an turns over on its right side, the mesogastrium 
becomes proportionally lengthened to permit of this change of 
position, and the right surface of the stomach (now posterior) 
reata against the anterior surface of what was previously 
the right side of the mesogastrium, the mesogastrium thus 
coming to form the posterior boundary of the omental sac (fig. 
128). From near its attachment to the stomach a ftw fold 
subseqnently grows over the intestines, and becomes the great 
omentum. 

The gastro-hepatic omentum is formed by the gradual thinning of a mass of 
mesobiastic tissue which from the first connects the ventral wall of the stomach with 
the anterior wall of the abdomen, and within which the hypoblastic outgrowth 



tt, sloTnach 
p, punere.is ; c, >— .^m. . ., .^™... , 
rior und inferior mesenteiic arteries. 



I OP TSB MESENTEBT, BTOHACH ABD 
WBBEB. (Tolllt) 

greater cnrratnre ; l.c, smaller cnrratntt ; nuf, mesagastiium ; t^, Bplee 
rectani ; mt, meaenler} ; ao, aorta ; A, cceliac aiii ; t.ma.a, {.mtt.a, huj 



Fie. 129- — DiAOHAK of a sectioii achos9 thb ABtwmii or a buhah bxi 

KOMTH. (ToldL) 

I, I, liver ; I; kidneys ; g.o, great omentnm ; i/,o', omental sac ; t.o, Bmall 
linu ban not been carried quit« far enongb.) The other letters as io fig. 127. 



(The dotted 



which forms the liver becomes developed. The part of this mesobiastic connexion 
which lies between the liver and stomach becomes the gastro-hepatic or lesser 
omentum, and its free border which was at first directed downwards (caudalwards) 
becomes with the descent of the stomach directed anteriorly (ventrally), and eventu- 
ally with the turning of that organ laterally it also is directed towards the right, and 
thus comes to form the anterior boundary of the entiance into the omental boc. 
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Tbe large intestine is not at first marked off from the small by any difference in 
calibre. ItB commencement is diBtinguishable abont the sixth week in the hnmaa 
embryo by the appearance of the ctecum, Tvhich gradually grows out (figs. 125, D, and 
127), forming at firat a lateral protruBion of uniform calibre, but subeequeutly re- 
maining narrow at its blind extremity to form the vermiform appendix, while the 
remainder of the csecum and the colon increase in size. This protruHion occurs on 
the U-shaped loop above described, and a little beyond the attachment of the 
vitelline duct. 

With the increasing length of the gut it becomes thrown into coils, and the 
earliest and most important of these is that by which the limb of the U"Slia-ped loop 
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Fig. 129.— DUQTUHS ILLDSTBATIRQ MB CEVBLOFnnT Or THI OltEAT OMBHTDH. (0. HcrtH'Ig.) 

A, earlier stage. 

B, later etsge. 

U, stomach; i.o, amalt omentum; ^.o', omental sac; o', mtsogsstriDm, ipringing from the 
posterior wall of tie abdomen, nwir which in A it encloeea the pancreas ; o', atfachment of meHogaatriDin 
to greater curvature of stomach ; <r', fold of mesogaetrium or great omeatnm growing over coite 
of small inteEtine ; m«, mesentery; m.c, transverse mesocolon; o* (in B), dotted line Ehowing the 
situation of that lanielll of the mesogaatiium which at first assisted in encloEiag the pancroaa but 
which has now disappeared. The next part of this Inmelli has coalesced with the adjacent lamella of 
the Inmsvcine mesocolon, and fkas also disappeaied. The coalescence is indicated bjr the black line. 

with which the large intestine is continuous turns over on to the right side of the 
peritoneal cavity, and thus throws the colon in an archlike disposition across the 
commencement of the small intestine, and parallel with the longitudinal axis of the 
stomach (commencement shown in fig, 126). Within this arch of the large intestine 
the coils of the jejunum and ileum become disposed as the intestine lengthens. 
Their mesentery spreads out at its intestinal attachment so as to adapt itself to the 
increasing length of the gut, while its vertebral attachment, relatively much shorter, 
loses to a great extent its primitive disposition, and acquires oblique and transverse 
lines of attachment ; this is notably the case with the transverse mesocolon. 

Althongh the mesentery in moat porta incressea in len^h imd eipuuion with tbe futtber 
growth of the int«Btine, the contrary is the case -with the mesentery of the dnodentun, and of 
the aacending and descending colon. All the^ parte possess at Crst a complete mesentery like 
the rest ot the intestine, but that of the dnodennm disappears entirely, so that this part of the 
intestine becomes fixed to the posterior wall of the abdomen, and the same process takes place 
to a lesser and variable extent with the ascendinff and deEcending mesocolon. Since the trans- 
verse colon lies aoroEs the abdomen immediately below the stomach, it and its mefenterj-, trans- 
versely disposed, also lie immediately below and behind the meeogastriiun (now folded into the 
great omentnm). The two membraneB come in fact into cloee oontoct, and eventually com- 
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pletely adhere (4th month and ouwtirdi)) ; and thia causes the pauoreaH to appear to lie alto- 
frether behind the peiitoiieal oavity, in place of being situated between the two layere of the 
mesogastrium as is at fint the case in the hnman embryo, and aa is frequoitlj fonnd in other 
mammalB dorii^g' life. 

The free or floating part of the ^reat omentum is formed by an extension of that part of 
tlie omental fold which turns upwards towards the gfreater curvature of the stomach from 
the surface of the transverse colon. The fold is at first clearly double, and in some animala 
remains so, but in man its two layers coalesce a little while after birth, and after a year or 
two can no longer be separated. It extends Krodoally, first over the transTerse colon (third 
mouth), later over the coils of the small intestine. 

The iplsen becomes formed vithin the substunce of the mesogaatrium (&g. 
127, spl). It is developed wholly from mesoblaBt, and in cloee connection with the 
pancreaa. It appears during the second month in the human embryo, and grows 
slowly during total life, the Malpighian corpnBcles being the last parts to appear. 

FormatiojL of th« anni. — The anal invagination of the epiblast, which eventu- 
ally by absorption of the septum between it and the hypoblast of the bind-gut opena 
into tie alimentary tube, is termed the proctodcsum. The junction with the Mad- 
gut occurs at a little distance from the posterior eztretnity, so that there is a blindly 
terminating post-anal or Bubcaudal portion of the gut beyond the junction with the 
proctodseum ; this, however, shrinks and disappears even before tbe absorption 
of the septum. This part of the hind-gut representa a cloaca, since it receives 
through the allantois the ducts of the urinary and genital organs. The sepa- 
ration of the permanent anus from the urogenital orifice, which occurs in all 
mammals above mouotremes, is the result of a later process of development (see 
p. 127). 

In mammals the actual amount of proctodseal invagination is very small. The 
septum between the hind-gut and the exterior (anal membrane) is throughout formed 



Fig. 130. — LOHQITDDIMAL SECTIOS THBOnOB TBE FOSTBHIOR INS OF L BBBBF's UBSIO, SBOWUm tHB 

(Bonnet.) 

; h.g, hindgut ; am, amnion ; an, anal membrane ; 



by two epithelial layers only, viz., hypoblast and epiblast, which here are in contact 
with one another without the intervention of mesoblast (fig. 130, an). This con- 
dition of juxtaposition of the two layers is in fact directly derived &om the union 
of the two layers which occurs at the primitive streak and groove, and if the latter . 
be looked upon as representing the blastopore, the anus may in a sense be considered 
to be formed from a part of that aperture. In some lower vertebrates the anus has 
been shown to be directly produced from the blastopore. 



rottUATIOH OV THX GIiUIDB OT THS AUUXNTATtT OAflAI- 

Under thie head maj be incladed not only thoee oi^db which are ordinarily bo 
termed, but also the lange, and the thymiis and thyroid bodies, eince the early 
development of theae three oi^;ans resembles that of the true secreting glands. 

All the organs above enumerated are formed as epithelial involutionB, either solid 
at first and afterwards becoming hollowed out, or hollow from the first. As these 
epithelial bnds grow into the mesoblast, they may either bifurcate or give off lateral 
branches, and in thii manner all the ramifications of the ducts of the compound 
racemose glands are produced. The blind extremities generally end eventually in 
enlarged tubular or saccular dilatations. All the epithelium of the gland-saccules 
and ducts is derived from the original epithelial sprout, while the basement 
membranes and connective tissue and blood-vessels of the gland are derived from the 
surrounding mesoblast. The salivary glands and most other glands of the mouth, 
and part of the hypophysis, which must also be reckoned as a glandular development, 
are formed in this way by involution of the buccal or storaodseal epiblast ; while the 
lungs, liver, pancreas, thyroid, thymus, and all the small glands of the rest of the 
alimentary canal are formed of involutions of the hypoblast. The development of 
the teeth, which also first make their appearance as involutionsof stomodteal epiblast 
(enamel germs), will be described after their structure has been dealt with (in the 
part of this work which is devoted to Splanchnology). 

Tli« Inng*. — The lungs begin to develope from the ventral part of the pharynx 
at its junction with the oesophagus, in the beginning of the third day in the chick, 




Fig. 131.— Idbo b 

BNLAIMBMI 

TbrM badeare aeen on the right side, two on the left. 
Pig. 132.— LcKas OP a bciuii ehbkio morr apvancki> ik df.vrlophekt. (His.) 

and in the human embryo at a correspondingly early period (fig. 123, ij). Tlie 
lung rudiment is at first single and median, and takes the form of an elongated 
vertical diverticulum of the fore-gnt, communicating freely with that tube, and of 
course lined by hypoblast. Soon the diverticulum sprouts out at its lower extremity 
in the form of two tubes which grow downwards on either side behind and on either 
side of the heart, into a mass of meeoblaatic tissue, which keeps pace in its growth 
with the hypoblastic lung rudiment, and from which the connective tissues of the 
future lung become ultimately developed. The extremities of the tubes in question 
are early seen to be dilated and lobnlated (fig. 131), three lobules being present on 
the right tube, and two on the left, the division of the lungs into their lobes being 
thoB eiu:ly indicated. 

The further ontgrowth of the lobalatfons prodnoea the mdimente of the principal branches 
of the btottchi, oce for each future palmonar^ lobe, and each of theae branehea then (nxduallj 
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pTog7e9se3 in {^wth, giviiig off as it pmceeda lateral diverticula, which form the aecondary 
bioQchi, and these a^in giving off otheiB nntil the whole oomplicated bronchial ramification 
is eventually produced. Like the first Bpronte from the median diverticulum, oil the secondary 
and other spnrote are dilated at their termination, and have a lobulated aspect (fig. 125, Lg ; 
figs. 131, 132, 133. This is due to the fact that thej 
are undergoing a further division or sprouting. Thi? 
process goes on until the sixth mouth of iatiauterine 
life, by which time all the dilated ends of the growing 
and sprouting tubes have reached the surface of the 
louK. These dilated extremities which now appear 
grouped together, and appafently springing several 
from a common tube, form the inf undibula, but their 
walls are not at first beset witji air-cells. The forma- 
tion of these takes place whrai the bronchial ramifica- 
tion is completed (aiztb montii, XQlIiker), as small, 
oloselj-set, pouch-like protrusions of the walls of the 
infundibola, and of the terminal bronchial tubes. 

The trachsa and larynx axe formed by a 

separation from the oesophagus of the originiJ 

mediao divertictilum, from the lower aogles of 

Kg. iss.— LnnoB or i tmui bmbrto which the bronchial mdimenta have sprang, the 

BMLL MOKB iOTAMCBD. (His.) BCpaTation commenciug below, and leaving a 

relatively small connection between the two 

tnbes above : this connection is the rudimentary glottis. As development advances, 

botb the tracheo-laryngcal and the oesophageal tubes lengthen, the latter relatively 

more than the former, so that the Inng rudiments no longer lie, as was the caae at 

first, in fVont of and on either side of the stomach, but extend downwards somewhat 

short of that organ (fig. 125), separated from one another by the cesophagos behind, 

and the heart and pericardium in front. As they thus grow backwards with the 

lengthening of the trachea, the Inng mdiments project into the anterior part of the 

body-cavity or ccelom fdorsal portion), and receive a covering from its lining mem> 

brane, at first only below and on the external snr&ce, but subseqnently on the 

internal aspect, so as to separate them from the ceaophagus. The portions of the 

body-cavity into which the lungs project become shut off from tlie remainder on 

the formation of the diaphragm and pericardinm, and form the pleune. 

The pulmonary blood-vessels are comparatively late in being developed, the 
arteries penetrating into the lung tissue only on the twelfth day in the chick, 

The tliyroid body is developed partly as a median diverticulum of the pharyn- 
geal hypoblast opposite the ventral ends of the second visceral arches (fig. 125, B,:6W); 
partly as a (bilateral) diveriiiculum of the posterior wail of the fourth visceral cleft. 
The median diverticnlnm in most animals early becomes separated from the 
pharjrngeal hypoblast, and ia thus converted into an island of epithelium imbedded 
in mesoblast. In the human embryo, as His has shown (fig, 134, A, thr), it remains 
for some time in the form of a hollow bifid vesicle, which is connected with the upper 
surface of the tongne by a small dnct {duclua thyreoghssua, d) ; subsequently, however, 
the vesicle becomes solid, and the duct is obliterated and disappears, with the 
ezception of a small portion near the orifice, which becomes converted into the 
foramen cacum of Morgagni,/.(;. 

OocBsionaU]' even in the adult a oomparativelj long duct is found, leading downwards 
and backwards from the foramen ctecum. This, which has been termed the duftvs tingualu, 
is the remains of the original thjrolingual duct connecting the median part of the thyroid 
with the tongne. It may further happen that the lower part of this connection also remains 
in the shape of a tubular prolongation of the median portion of the thyroid towards the root 
of the tongne {duelut thryoidni$ ; when well developed this forms the pyramid'). The so- 
called accessory thyroid bodies (eupra-hyoid, pnehyoid glands, lea.) which ore occasionally 
fonnd near the hyoid bone, ate also referable to the thyrolingoal duct (His, Anatomis 
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meosohlicher Embiyoaen, iii., p. 101, where referenoe to the Utenttnie of these accessory 
thjioids ma; be found). 

The bilateral diverticnia, which asaiat in the formation of the thyroid body, spring 
from the fourth visceral cleft (Born) (fig. 185, Ikr'). They have at first the appearance 
of simple Baccular glands partially encircling the developing larynx {fig. 134, thr'). 
In front of this they come into connection with the median rudiment, and eventually 
blend with it. Like that rudiment, they become entirely separated from the hjpo- 
hlastic surface from which they have taken origin, their cavity disappears, and they 



Fig. 134. — SKKTCHKa bhowiho the cosDrrros of thb thtroid abd thimcb oiiBDS is a. bviiaii 

A, praRle sketch from the left Bide. 

B, fr.>ntal sketch from behind. 

t, tongue ; d, iluctiis (bjreoglasBTia ; ep, eprglottiB ; opposite I, Ihtttii ; Ir, trachea ; ir, (Dsophagua : 
thr, median rudiment of thjiroid ; tki^, lateral radimenl of thyroid ; thm, developing thymus, Eecn on 
theleftnideof B tobe connecteil wiih a visceral cleft; ao{\n 6), aacendingaarla; ao', descending aoi-ta; 
c, carutid. 

are converted into ramifying and anastomosing cell- cylinders, between which vascular 
connective lissne becomes developed. The ccll-cylindere subsequently become hol- 
lowed out, and finally are subdivided by growth of tbe connective tissue into Bmall 
vesicles, which gradually become larger from accumulation of colloid in their interior. 

In most Vertebrates, the lateral and median parts of the tb;roid remain distinct ; the 
former are the organa known as Kopra-perieardial bodies in elasmobrancha, and bm arr-itort/ 
thijroidi in other animals. Only in mam male do thej become united into one or^'ao as 

The tJiynms is also developed as a growth of the epitbeliam (hypoblast) of some 
of the visceral clefts ; in birds from the third and fourth (fig. 1 35, i/ii/m), in reptiles 
from the second, third, and fourth, and in lower Vertebrates from several clelte (de 

Kg. 135.— DiAonm showino thh viscbral olepts 
THE cnicE. (de Mcaron.) 
1,2, 3, 4, indicate the corresponding Tiseeral clefts ; tiym, radimentsof 
thymus ', thr, median rudiment of thjroid ; thf, lateral nidiments of 
thyroid. 

Meuron). In mammals the thymns appears as a (bilateral) 

tubular prolongation backwards of l^e extremity of the 

third visceral cleft (Eollikcr), receiving, according to de 

Meuron, an accession from the hypoblast of the fourth cleft, 

as in birds. Tbe tube, which has a narrow lumen, and 

comparatively thick epithelial lining, is surrounded by vascular connective tissue, 

within which numerous lymphoid cells become accumulated, and grows downwards 

along the side and in front of the trachea, where, in mammalSt it generally unites 







112 THE LIVER, 

with its fellow to form a median organ. Its lower end then gives off solid, bnd-Iike 
excrescences, and lateral buds come off again from these, so that this part of the 
organ acquires a ramified, lobulated appearance like an acinous gland. The acini are, 
however, solid, and remain so, although the upper end of the tube still has a narrow 
luraen. 

The lymphoid cells next invade the epithelium, growing into every part of the 
tubular gland, and converting it into a mass of adenoid tissue. In this process the 
epithelium becomes broken up into small isolated portions, some of which remain in 
the medullary portion of the lobules as the epithelial nests which are seen in sections 
of the fully developed organ, and are known as the concentric corpuscles of Hassall. 

The liver. — This organ arises in the form of two diverticula of hypoblast, which 
grow from the ventral wall of the duodenum immediately beyond the stomach (figs. 
117, 118, ly 128, Lh). They extend into a mass of mesoblastic tissue which connects 
the stomach and duodenum with the anterior wall of the abdomen, and which (with 
the mesentery, with which it is continuous round the gut) separates the body-cavity 
here into a right and left half. In this tissue is the omphalomeseraic or vitelline 
vein (and later the umbilical vein) proceeding on either side to the sinus venosus, 
and the liver diverticula grow into the mesoblast above and in front of these veins. 
Here they ramify, giving off solid buds of cells which grow into columns or cylinders, 
and these again give off lateral diverticula of the same kind. So far the development 
of the liver resembles that of a compound tubular or acino-tubular gland, except that 
the ramifications of the original gland diverticula are from the first solid instead of 
hollow. But soon an important difference appears in the fact that the cylinders 
unite and anastomose with one another everywhere to form a close network, and 
from the cords of this network solid sprouts are again constantly being given off to 
form fresh cylinders, thus producing a yet closer and more intricate network. In 
the meantime, capillary blood-vessels are formed in the mesoblastic tissue in which 
this formation of cell-cylinders of hypoblast is going on, and these vessels, which 
form a network interlocking with that of the anastomosing cell-cylinders, become 
connected with branches of the vitelline vein on the one hand (vencB adveJientes)^ 
and on the other with veins (veruB revehentes) which pass towards the sinus venosus, 
and eventually are found opening as the hepatic veins into the inferior vena cava. 

The two original hollow diverticula are the mdiments of the right and left hepatic dnots. 
The common bile duct is formed later by a protrusion of that part of the duodenal wall with 
which the original diverticula are connected. This protrusion also eventually receives the 
duct of the pancreas, which becomes shifted towards it. As the common bile duct lengthens, 
the liver becomes separated from the duodenum, with which it was at first in close connection. 
The portal and interlobular bile ducts are formed by the hollowing out of some of the 
anastomosing cell-cylinders, so that a lumen is produced within them surrounded by hepatic 
cells, which lose their original polyhedral character, and become changed into the columnar 
epithelium of the ducts, the anastomoses between the ceU-cylinders here disappearing. 
The remaining cylinders form the secreting substance of the liver. The biliaiy canaliculi 
appear as minute passages between the cells, and come into continuity with the bile ducts. 
With a further development of the connective tissue of the organ, the glandulair substance of 
the liver, which was at first continuous throughout, becomes separated into lobules, and the 
network of oell-cylinders tends with multiplication of their cells to become fused into a con- 
tinuous mass within each lobule, the bile canaliculi forming by numerous lateral junctions and 
anastomoses a close network of intercellular passages within the lobule. 

The ffall bladder and oystic duot are formed by a diverticulum from the common bile 
duct, which appears in the second month. 

In the elasmobranch fishes, and in amphibia, there is only a single hepatic diverticulum. 
The anastomosing cell-cylinders which sprout from this are not solid, but hollow, with a 
narrow lumen, and the liver has from the first and retains permanently the character of a 
compound gland formed of anastomosing tubules. In reptiles the cylinders also have from 
the first a narrow lumen. In birds and mammals the cylinders are solid, as in man. 

As the liver grows, it projects on either side into the pleuroperitoneal cavity. The 
mesoblast which unites it to the anterior wall of the abdomen, becomes thinned out to form 
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the BUBpensory Hgament. That which unites it to the ventral wall of the stomaoh and duo- 
denum also becomes thinned out ; it forms the small or gastro-hepatic omentum. The liver is 
at first an exactly symmetrical organ, the right and left lobes being equal in size and 
gymmetrically placed. After the fourth month the right lobe begins relatively to increase in- 
size, and at birth the proportion of this to the left lobe is as 1*6 to 1. The liver also at first 
grows very rapidly, so that by the second month it nearly fills the abdomen, and causes a 
well marked prominence on the ventral aspect of the embryo. At this time it is calculated to 
constitute nearly one half the weight of the body. The proportion, however, gradually 
decreases, until at term the relative weight of the liver to the whole body is as 1 to 18. The- 
further changes which the blood-vessels which pass to the liver undergo will be considered 
with the development of the venous system. 

The pancreas is developed as a hollow hypoblastic diverticulam from the dorsal 
wall of the daodennin opposite the hepatic diverticula, and somewhat later than these 
(fig. 125, B,C, D,^). This hollow process grows into the mesogastrium or gasfcro- 
duodenal mesentery, which at this time is well developed, and ramifies within this, 
producing by its off-shoots the ducts and alveoli as with other compound acinous 
glands. As the duodenal loop becomes formed, and this and the pyloric end of the 
stomach are turned over towards the right side, the pancreas loses its median sym- 
metrical position, and with the mesentery which encloses it now lies across the back 
of the abdomen. This is the condition in which the gland is found in most mammals. 
But in man, with the fusion of the mesogastrium (great omentum) to the transverse 
mesocolon, the posterior layer of the mesenteric fold which encloses the pancreas 
becomes absorbed (Toldt), and the gland becomes fixed across the back of the 
abdomen, and is now apparently altogether behind the peritoneum (see fig. 12, 129). 
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PSVUZiOPlOINT OF THB trBXBTABT A3Sm OEmiBATIVZ OBO-AITO. 

The urinary and generative organs originate in connection with the interrmdiatt 
cellmag, a portion of meaoblast which is seen in sections of the early embryo lying 



Fig. 138.— Past of i trinstbbss sktioh of a ohmk shbbto o» 2 batb, 6 nonia. (Kiilliker.) *p 
utc, protoveitebnt ; tup, lateral uegohlaat ; ^p, splaiichnoplearic meaobUst ; hp, somatoplearic 
mewblaat ; p, pl«uro-periUiDeal cleft (ooelom) ; wg, Walffian dact ; i^, p«rt of intcriuediate cell-mau 
from which Wolffian body wilt become developed. * 

between the paraxial meBoblast and the plenro-peritooeal cleft, and abutting against 
the external epiblast (fig. 39, p. 37). 

Pig. 187.— Sbctiok throcob an 



(Biltour.) 

gl, glDmerulna ; ge, peritoneal epithelium ; Wd, Wolifiui 
ilueC ; ao, aorta ; me, loeEeDliiiy. 

Some of the cells of this intennediate cell-mass 
become differentiated into a longitudinally run- 
ning cord, which subsequently acquires a lumen, 
and ia then known aa the Wolffiem duct (from its 
discoverer, Caspar Friedrich Wolff) (fig.136, wg). 
Posteriorly the duct opens into the cloaca. The 
anterior part of the duct becomes connected with 

invagi nations of tbe peritoneal epithelium, between which vascular glomeiiili project 
freely into the peritoneal cavity (fig. 137). These glomeruli constitute the head 
kidney, fore-kidney or pronephros? Along its inner side, somewhat further bock- 

1 Hertwij. According to Balfour aod Sedgwick, these glomeruli form the anterior part of tbe 
Wolffian bod;, and the head kidne; a represented by tiie MuUemn inTagintitumi referred to later on 
(Keep. 122 and Gg. IIS}. 
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ivflrdB, a series of transversely conrsiug tnbes becomes developed in the intermediate 
cell-mass. These tubes are connected for a time with other involutions of the 
peritoneal epithelium (fig. 141), but snbsequently lose their connection with that 
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Pij. 188.— DiAaHAns OP 

A.— DUQiUV OF THK PBIMITIVK 

pd, MgmebUl dncC ; opening Kt o, i 
r, line of Kpantion between the Wollfii 
opening at one end into the body oavitj 



o the bod; cnvity and at ila other extremity into the cloaea ; 
cliict Bbore and the HuUeri&n duct below ; il, aegmenla) tubes 
III at the other into the Heginental duct. 



ni.d, Mullerlan duct ; w.i', Wolffiao duct : *.(. segmental tobea ; fire of them are repnsentod with 
uiienings into (ho body earity, and live poeteriorly correDpond to the metanepbroa ; or, tbe ovai? ; d. 



C.— DUHttiKOF 

m.ll, rudiment of Mulienui duct ; w.d. Wolffian duct, lerving at ni u vae deferens ; i.t, segmental 
tubes, two npresented with openings into the body cttrity ; d, ureter ; t, testis ; nt, caiuU At the b«a« 
of tbe testis ; V.E, tss efferentia ; le, longitudinal canal of the Wolffian body. 

epithelium, and acquiring glomeruli at one part, at another part open into the 
Wolffian duct. They form the mid-kidttey, Wo^an body or meioruphros, vhich 
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preseatl; projects as a distinct yascnlar oi^n along the dorsal part of the peritoneal 
cavity on either eide of the mesentery. Subsequently another duct becomes deve> 
loped along the outer aide of the Wolffian body, aloi^ which it rana backwards to 
open also into the cloaca : in front it commnnicates with the plenroperitoneal cavity 
by one or more funnel-shaped apertures (fig, 143, z). This is the MUllenan dttct, to 
named after Johannes Milller ; in some of the lower vertebrates it arises in common 
with the Wolffian duct. From the lower end of each Wolffian duct a hollow pro- 
trosion (fig. 125, C and D, N) grows upwards into a mass of mesoblast continuous 
with that of the Wolffian body ; with the branches of this protrusion glomeruli and 
convoluted tubes also become connected, and thas the permatteaf kidney (hind-kidney, 
meUtnephros) is prodnced. Lastly, the coelomic epithelium covering the inner side of 
the Wolffian body becomes thickened (fig. 143, a), and within it are found larger 
cells, from which the generative products in both sexes (ova and spermatozoa) arc 
eventually derived. This epithelium is accordingly known as the germinal epitheUum. 
The duct of Miiller becomes in the female the oviduct or Fallopian tube ; in the 
male it becooies atrophied. The Wolffian duct in the male becomes the epididymis 
and vas deferens ; while the vaaa efferentia and tubes of the rete testis are formed 
as outgrowths from the Wolffian body ; in the female these parts have no permanent 
function. 

The head kidney, although permanent and fiinctional in fishes, is only a radi- 
mentary oi^an in the emhryo of higher vcrtebi'at«s, and soon disappears. The 
WotfRau body is well developed in all vei+ebratee ; in fishes and amphibia it is an 
important part of the permanent urinary apparatus, and also serves to carry away 
the male sexual products (fig. 138). In higher vertebrates (amniota) it no longer 
continues to perform excretory functions, but still supplies the efferent apparatus of 
the testis. 

The details of the development of these parts may next be considered. 

Th« Volfflan duct and bodj. — The commencement of the Wolffian dnct is 
seen at a very early period of development (second day in the chick, eighth day in 
the rabbit) as a thickening of the intermediate ceU-mass in the anterior region of 
the trunk (fifth somite) (fig. &'i, Wd), The outgrowth projects towards the epiblast, and 



ng. 139.~TlUK3VEBai SKCTION OT AH EMBBTO CBICK OF TOIRIT-BIX HOURS. >f> (E. A. S.) 

n.e, medulloi? tube ; p, proloTertebn ; ep, epiblast ; me, lateral mesoblaat split into aplauchnoplenra 
ftnd iiomatopleure ; etc. plenro-peritoueal cavity between them ; oc', caiitj of protoverWbra. tontinuoui 
on the rigbt side with the tater^ meanbkKtic cleavage ; W.d., Wolffian duct ; W.b., m^nblut of 
Wolffian bodj ; A, notochord. 

developes &t>m before backwards ; a solid cord of mesoblast thus becomes formed, which 
gradually becomea detached from the remainder of the intermediate cell-mass, lying 
close to the epiblast (fig. 139, ung). Soon after it is thus formed, a lumen appears in 
it and extends both forwards and backwards. The posterior end, which is still solid, 
is presently found to be attached to the epiblast, and apparently continuea to grow 
backwards along and at the expense of the epiblast until it reaches the posterior end 
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of the body, where it becomes detacbed from the epiblaat, and is connected with and 
opens into the hind-gut (cloaca). 

I hBTe here followed wlut has appeared to me the most probable aocoont of the orittin of 
die doct (Martin, Strahl), bat it is right to state that in the opinion of some obeervera 
(Hensen, Spee, Flemioing) the formation and ffrowtlt of the dnci in oonnection with the 
epiblast is primorj, especially in mammals, and the duct ia originally formed by a longitudinal 
thiokening and involution of the epiblast, which only aeoondarily becomea connected with the 
Interntediate cell-maae. Compare also Haddon, Origin of segmental daot, Proc, Roy. Dnblin 
Society, VoL V. 

In teleosteans (Boeenbni^) and amphibia (GStte) the Wolffian dnct haa been deecribed M 
developing in the form of a longitudinal groove-like invagination of the iomatoplenial meeO' 
blast (BaUoar, Comp. Emb., vol. iL, pp. oSO, 582), but more recent researohea appear to indl' 
oats ^tat in theee aninwU alao the epiblast may be concerned in its formation. 

The Wolffian body developes in the intennediate cell-mass between the Wolffian 
dnct and the body^cavity as a series of transveise tubes which lie at right angles to 
the course of the WolfBan dnct, and open into it at r^olar intervals. The nsual 

Fig. 140.— TSAHFVEEOT MO- 



(E. A, S.) 

m.p., moBcla pUte ; cm, 

•Orta; m.?., mid-gut; am, 

amnioD ; v, Tesicla of WoKEan 

body; vi.d.. Wolffian duct) 

mode of formation of 

these tubes — which are 

sometimes termed seg- 

mental tubes — appears 

to consist in the accn- 

mutation at regular interrala, corresponding with the somites, of rounded masses 

of mtsoblast on the mesial or ventral side of the Wolffian duct (fig. 142, w.i.), 

which masses become afterwards hollowed out so as to form small vesicles, at 

first isolated, but afterwards growing towards and opening into the Wolffian 

dnct (fig. 140).i Corresponding with these vesicles there become formed invagi' 

nations of the epithelium of the body-cavity (fig. 141, si), which is thickened 

along the inner side of the Wolffian projection, and grows at regular intervals 

towards the vesicles. These ingrowths may at first communicate by funnel-shaped 

openings, which in some lower vertebrates are lined by ciliated epithelium, with 

the body-cavity, bnt the openings in higher vertebrates become closed again before 

communication with the Wolffian duct is established. Finally, the connection 

between the Wolffian tubes and the peritoneal epithelium is completeiy severed, and 

the condition of simple or curved transverse tubes, blind at their inner ends and 

opening at their outer ends into the Wolffian duct, is produced {fig. 142, B). After 

a time the blind extremities are seen to be enlai^d and spoon-shaped, and glomemli 

' According to t. Wijhe the hollo* condition is the primarj one in elMroobraDcha, and the cavity of 
each Teaicle reprcMnta on iatermediate part of the ccelrm of the aegment (mego-ciElom), the doml 
ctElom being lepresented by the cavity of the proto-verubra and the ventral oeloni hj the pleuroperi- 
toneal apace. 1 have myaelf observed thil condition of a hollow intennediate cell-ma» comniaiiicatinK 
on the one hand with Uie oavitj of the protovertebia and on the other with the cteft of the latenJ 
uesoblast, in  chick of 3S boun (lee fig. I3S). 

In TiinTmii«l« the Wolffian veaicles ore more numerana than the aegmenta. 
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are obeerred developing in the bowl of the Bpoon from mesoblast cells, which 
presently become entiiel; enclosed by the end of the tube. Snbseqaentlj a second 



Hg. 141. — Tbahbtiui sictioh thbovsh tri TBtrm or i ntroK ■hbito vith abodi iwuTT-iovk 

HEBOBLASTIC SOMtTBS, (Balfour.) 

am, amnion ; M, sonutoplenre ; ip, >pIuiclinoplmts ; md, Wolffian duct ; it, tegmeatal tube with 
ptritoneal inTolation ; cii.ti, cardinal Tsin ; tn.(, muicle-plato ; >p.g, gpiutl gsngUon ; fp.e, ipitui cord ; 
cA, notoofaord ; no, aorta ; Ay, hjpoblaat. 

&nd a third set of tubes become developed in a similar manner, bnt without perito- 
neal iavaginaliona, and also open directly into the Wolffian duct. Lastly, other tubes 



Pig. 142.— TRAHEVIBSI 8ECTI0BS or SHEEP KUBKTOES, SBOWIHO "TWO SliOM III 
THE VOirFIAH BODY. (BODDEt) 

K.d, Wolffiwi doot; w.b. Wolffian bodj ; p.r, ptotovertebra ; ch, notodiord ; fl.c, nennd canal ; 
am, amnion ; ao, aorta ; i, intestine ; y.l, jolk-sac. 

with glomeruli become formed between, and open into those which are already 
connected with that duct. All these tubes are short and straight when first deve- 
loped, bnt afterwards lengthen and become converted into convoluted uriniferous 
tubes, which, like those of the permanent kidneys, begin in a dilated extremity 
enclosing a tuft of capillary blood-vessels (glomemloa), which are supplied by 
branches of the primitive aortte. 
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When completely formetl, the Wolffian bodies are seen on openiLg the abdomen 
of the embryo as long prominent vaacuiar organB projecting inW the peritoneal 
cavity on either aide of the intestine, and showing in section nnmerons Malpighian 
corpuscles and uriniferous tnbules variously cut (fig. 143), 

Soon after having attained its complete condition of development, the Wolffian 
body begins to undergo atrophic changes. These proceed much further in the 

Fig. 143.— TftiKflVEMI SECTIOB OW TBK 

loBBTH DAI. (Waldeyer.) 

ni, meeenterj ; L, hod; wall ; a', tbickened 
epithelium from wbich the iavolDtioa of the 
anterior part of the Mulleiian duct :, is 
taking I'lace ; a, thickened genniDal epithe- 
lium in which are seen primitive ova, o ; 
E, niDiliGed mesoblast which will form the 
etromaof the ovai; ; WK. tubulen of Wolffian 
bodj variouBlj cut ; y. Wolffian duct Two 
glomeruli are ehowa in the WollliBii bod;. 

female ses than in the male, bnt the 
tubules of the oi^au do not entirely 
disappear in either sei. In the 
o, female they form the rudimentary 

organ which is known as the par* 
ovarium {epoophown of Waldcyer), 
while the main tube of that struc- 
ture represents a remnant of the 
Wolffian duct. Butiumunyanimale, 
e.g., the sow, tlic Wolffian duct re- 
mains as tlie duct of Gartner, a 
strong, slightly undulated tube, vhich is traceable, at first free in the broad ligament 
of the uterus, and lower down becoming incorpoi^ated with the wall of tbe ntcrns 
and vagina, upon which last it becomes lost. Traces of this tube can sometimes be 
seen in sections across the body or cervix of the adult human uterus, and even lying 
in the wall of the vagina. 

In the male the Wolffian duct forms tbe tube of the epididymis, the vaa deferens, 
and the ejaculatory duct ; the seraiual vesicle being formed as a diverticulum from 
its lower part. The coni vasculosi and tubuli eflcrentcs are in all probability formed 
by the.pei-sistence of some of the tubules of the Wolffian body. The Malpighian 
corpuscles of these tubules have long disappeared, but previous to their disappearance 
solid columns of epithelial cells, afterwards becoming tubules, grow from the walls of 
those corpuscles towards the germinal epithelium (fig. 153), where, in the male, they 
become coatiuuous with and enclose cells derived from that epithelium (which 
subsc(|nently form the epithelium of the Reminiferous tubes), and thus produce the 
walls of the seminiferous tubules and the rctc testis. In the female sex there is also 
a growth of solid cellular cohimns towards tbe germinal epithelium, but no connec- 
tion becomes established between them, and the columns do not become tubular. 
The organ of Giraldes and the vasa aberrantia of Ualler arc probably the remains 
of one or more Wolffian tubules. 

Sapraranal capiules These ortcans are intimately connected in their development nith 

the Wolffian bodies. According' to tbe observations of Weldon some of the celluloi columns 
which c''"™ ttom the Malpighian corpuscles of the upper part of the Wolffian body towards 
tbe germinal eptthelinm iflve offsets which pass upwards t^iwards the inferior vena cava, and 
there become developed into the cortical substance of the sapiarenal capsules. (Mihalkovics, 
on the other hand, states that the strands of cells which grow from tlie tipper part of the 
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Wolffiui body to take part in the foimaiion of the Huprarenal oaptiiilei have been derived by 
proliferation from the germinal epithelium.) It had long' been believed that the two parts of 
these o^ans, cortical and mednllary, are Beparate in origin ; the former being derived, aa was 
thought, from cells which are of meaoblastio origin, the latter being developed in conneotion 
nith the sympathetic ganglia. In elasmobranchs and some other lower vertebrates, they 



FlK. 144.— IRTBBMAL OHDIKS OF i FEMALE HVIIIN FOTCR Of 3} INCHXS LOEO, 0& ABOCt 14 1T£EEC. 

MAONiriiD (from WaldeTer). 

0. the ovar; full of primordial ova ; e, tubes of the upper part of the WolSan bod; forming the 
epoapharoa {psrovarium of Kobelt) ; W, the lower part of the Walffiau boil; fonuiDg tbo paroophoron 
of Uis and Waldeyer ; vr', the WolSian duct ; M, the Mullerias duct ; m', ila iipijer fimbriated Dpeoing. 

Pig. 145.— Tntebnal oesital oaeAfs of a male human embryo or 3^ inches lono (from Walde7Cr). 

1, body of the teaticle with seminal canals formed ; (, epididymis, or upper part of Wolffian bod; ; 
W, Wolffian body, lower part, becoming paradidymis or organ of Uinildita : w' Wolffian duct, becoming 
vaa deferens ; g, gaberaaculum. 



B QEBEKATITS 



a, a, Rpoophorun (parovarium) formed from the upper part of the Wolffinn hod; ; b, remajns of the 
uppermost lubes, sometimes forming h;dBtidB ; c, middle set of lubes ; d, soms lower atrophied tubes ; 
r, atrophied remains of the Wolffian duct ; /. the terminal bulb or hydatid ; A, the Fallopian tube, 
originally the duct of Miiller ; i, hydatid attached to the eili^mit; ; I, the ovar;. 



a, a, convoluted tubes in the head of the epididymis developed from the upper part of the Wolffiui 
body : b and /, hydatids in the beid of the epididymis ; «, coni vasculou ; d, vasa abemntia ; A, 
rcuiaina of the duct of Miltlcr with t, the hydatid of Morgagni, at its upper end ; I, body of the testis. 
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consist thronghont life of two separate portions, one median and single, the other, derived 
from the sympathetic ganglia, paired ; in birds, reptiles, and mammals these distinct portions 
are combined into the two paired organs (Balfour). But in these also, as has been shown by 
Mitsnkuri for mammals, the medullary or nervous part is at first distinct and outside the 
cortical, into which it gradually insinuates itself, retaining, however, its connection with the 
neighbouring sympathetic ganglia. 

The permanent kidneys arise (1) as protrnsions from the posterior end of the 
WolflSan ducts (see fig. 125, C and D, N), which grow forwards towards the lower part 
of the Wolffian bodies, and form the ureters and the collecting tubules of the kidney ; 
(2) from a portion of the intermediate cell-mass situated posterior to the Wolffian 
body, and within which convoluted tubes and Malpighian corpuscles, and eventually 
the remaining parts of the uriniferous tubules become developed. But before these 
changes occur in this intermediate cell-mass, it shifts its position relatively to the 
Wolffian body, eventually coming to lie above and behind that organ. The con- 
voluted tubes, with their Malpighian corpuscles, appear to be developed independently 
of the ureter and collecting tubes, as in the case of the Wolffian tubules and the 
Wolffian duct, a communication between them being only subsequently established. 

The glomeruli are apparent in the eighth week in the human foetus. In the 
ihird month the papillae are formed, and in the fourth month the loops of Henle are 
seen. The tubes are wider in the foetus than in the adult ; the expansion of the 
kidney as growth advances must therefore be due mainly to an increase in length of 
the tubules, since new tubules and glomeruli do not appear to be formed. The 
human kidney is at first lobulated, the lobules corresponding in number to the 
Malpighian pyramids, but by the end of the first year after birth, the kidneys have 
usually nearly lost their lobulated appearance. 

The nzinary bladder is formed by a spindle-shaped dilatation of the stalk of 
the allantois (second month). The upper pole of the spindle extends as the urachus 
into the umbilical cord ; it not unfrequently remains hollow for some length within 
the cord (Luschka). The lower pole of the spindle which passes towards the cloaca 
becomes the first part of the urethra of the male, and the whole of the urethra 
of the female. The rest of the male urethra is formed and enclosed by the folds of 
integument which produce the penis (see p. 128). The ureters, which are originally 
prolonged from and open into the Wolffian ducts, subsequently become shifted in 
position, so as eventually to open into the enlargement of the allantoic stalk, from 
which the bladder is formed. 

The MftUerian dnot. — In lower vertebrates, as was shown by Balfour for 
elasmobranchs, this duct takes origin by the splitting off of the ventral part of a 
longitudinal segmental or Wolffian duct, the dorsal part remaining as the Wolffian 
duct proper, and receiving the segmental and uriniferous tubes, while the ventral part 
retains the funnel-shaped orifice, by which the segmental duct communicated ante- 
riorly with the body cavity, and comes to open posteriorly into the cloaca by an 
orifice distinct from that of the Wolffian duct (fig. 138 and i^g, 147). In amniotic 
vertebrates, the process of formation of a Miillerian duct is somewhat different 
It arises on the outer side of the already fairly well developed Wolffian body, and 
some little distance from the anterior end of that organ, as a thickening of the 
peritoneal epithelium (fig. 148, a'), which thickening becomes invaginated towards 
the adjacent Wolffian duct, in the form of three successive funnel-shaped depressions 
(fig. 148), somewhat similar to those which are connected with the previously formed 
Wolffian segmental tubes. The invaginations are connected together by a con- 
tinuous epithelial ridge, forming a cord which becomes disconnected from the 
peritoneal cavity except at the anterior invagination, and subsequently acquires 
a lumen. The short tube which is thus formed, soon begins to grow backward 
as a solid rod of cells, which comes in close contact as it proceeds with the Wolffian 
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dnct (fig. 140). To this duct it presently adheres intimatelj', and then cootinnea 
Fig. Ii7,— Fob* mctioib t 



Ths Sgcn shows bow the wgmeiiUl dact becomea split into tha 
Wolffian dact doreaJt; iml the Hulleriui dud or oviduct Tcntnlly ; 
Wd, Wolffian dnct ; od, MuUerian dact or oviduct ; id [ia D), 
Hgmental dact. 

to grow bockwaros for a certain distance as a thicken- 
ing of the epithelium of that tube, the thickening 
becoming gradnally separated off from before back- 
wardB, and the lumen passing along it. Farther back 
it ceases to grow thus in connection with the Wolffian 
duct, but ia prolonged as an independent cellular cord, 
which lies in a groove along the side of the Wolffian 
duct (Balfour and Sedgwick). 

Entering the gmilal cirrd,^ the two UuUerian ducta 
lie at first on the mesial side of the corresponding 
Wolffian dncts, but lower down pam behind them ; 
ihey finally come again between these ducta, lying 
cloae together, and, according to Uihalkovics, approach 
close to the sinus urogenitalis, which by this time ia 
formed out of the ventral part of the cloaca (see p. 1 38) 

without actually opening into it for some time. The Miillerian dncta fiise together 
below into a single tube (fourth month) ; the fusion begina not at the lower end. 



Fig. 148.— SiCTlOKS FROU THE CHICK aHOiriSO TWO OF 

...^ u^ j^g MOLiBKiiM PBCT. (BaUouT uid Sfidgwlek.) 



LERUH l>L-CT VITB THb WuLrriAN 

DUCT. (Bslfuur and Sedgwick.) 

Id a, the terminal porticn of the duct 

is quite dJNtinct ; in B it bas united 

*ich the wall of the Wolffian duct, ad, 

HUlleriun duct ; Wd, Wolffian duct. 

bat a short distance away from 
this (fig. 150, 3), and proceeds 
both downwards towards the 
future orifice aod upwards for a 

' A name giien.to the thickened man of tiame vhicli sarroanda the Wolffian ducte ai the? o 
together to the cloaca behind tbe atalk of the alJantoia (afterwards the baae of the bladder). 
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certain length, the amount of this npNvard extension of the fused ducts Taryiufs; in 
different animals. 

The united part of the Miillerian ducts afterwards forms the foundation of the 
vagina and uterus in the female, and the prostatic vesicle, or uterus masculinus in 

Fig. 150. — Transvbbse sectiohs of thb 

GENITAL CORD IV A FEMALE CALF BH- 

BRYo. Magnified fourteen diametsr£. 
(Kolliker. ) 

1, near the upper end ; 2 and 3, near the 
middle ; 4. at the lower end ; a, anterior, 
Py posterior aspect ; m, Miillerian ducts 
united or separate ; w^ Wolffian ducts. 









the male ; the upper or fore part of 
the Miillerian duct disappears in 
the male, in the female it forms the 
oviduct (Fallopian tube). 

The hydatids of Morgagni are 

believed to represent in the maiC the remnant of part of the Miillerian 

duct. 

In the human embryo of the third month the uterus is bifid, and it is by the upward ex- 
tension of the median fusion that the trian^lar body of the uterus is produced. The bifid 
condition corresponds with the bicomed uterus of many animals, and the process of fusion 
above describsd explains the occasional malformation of a partial or complete division of the 
uterus and vagina into two passages. Up to the fifth month there is no distinction between 
vagina and uterus. Then the os uteri begins to be seen, and the cervix uteri subsequently 
becomes manifest as a part, which is at fii'st thicker and larger than the rest of the orgB^n. 

In some animals the prostatic vesicle of the male is prolonged into cornua and tubes like 
the uterus of the female. 

The germinal epithelium. — This name wa^ given bj Waldeyer to the thick- 
ened epithelium lying along the inner side of the AVolffian projection (fig. 143, a). 
The cells become at first columnar, and then two, three, or even several layers thick, 
while at the same time the mesoblast below them becomes increased in amount, and 
thus a marked projection is produced, which in some vertebrates forms a distinct 
ridge — the genital ridge. Amongst the cells of the germinal epithelium, some are 
seen which are larger and more spherical than the others, these are the primordial 
ova (fig. 143, (?), and occur in both sexes ; in fact, up to a certain point, the differ- 
ence of sex of the embryo is not apparent. 

Development of the ovary. — In the female sex the germinal epithelium soon 
becomes much thickened, and begins to grow down into the mesoblastic stroma in the 
form of columns of epithelium cells, which enclose amongst them some of the prim- 
ordial ova.^ These columns constitute the egg-tuhes of Pfliiger (fig. 152). They 
are separated from one another by mesoblast, which grows towards and into the 
germinal epithelium simultaneously with the down-growth of the egg-tubes, and 
there is thus produced a complete interlocking of strands of connective and epithelial 
tissue, which together constitute the ovary. The egg-tubes next become broken up 
into rounded groups or '^ nests *' of germinal epithelial cells, each of which may 
enclose one or more primordial ova. The primordial ova eventually develope into 
ordinary ova, two or more frequently fusing together to form a single ovum (Balfour), 
while from the remaining cells in the ^^nest " the epithelium of the Graafian follicle 
i3 eventually produced. In many of the cell nests, primordial ova cannot at first be 



^ Mihalkovics states that the cells which are to form the follicular epithelium first sink into the 
stroma, and that afterwards the primordial ova follow them, and become enclosed by them. 
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distingnisbed, trat become formed subsequently by an incrcsse in size of one or more 
of the cells. The further changes which take place in the Gi-aafian follicle arc 
described with the stmctnre of the ovary (v. Splanchnology). The remainder of 



Fig. 15L— Tbuistimb sicnoii 



; the ligfatlf ■shaded part is tbe o 



the germinal epithelium which is left covering the surface after the formation of 
the egg-tubes, couetitutes the permanent epitheliam of the ovary. 



Fig. 1.12 — SBCTIOK 0» THI OVABY Of * 

KifiKi.. (ffaldeyer.) 
a, Uerminsl epitfaelium digipins in ut 
b, to fonD BQ ovarian tube ; c, c, priru- 
okIisI dv« lyiDg in (he germ -epithelium ; 
tl, d, longer tube becoming constricted ho 
Hlo form nestjof celli ,t, e, larger neits ; 
/, diBtinctl; formed follicle with OTuni 
■ad epithelium ; g, g, blood- vesieliL 

are m:iTe eqnalljdiCTnBed through tbe 
substance of tbe ovary than in most 
animaU, in many of wliich the joui:^ 
follicles remain forming a stratum 
near the enrface. In the human 
embryo of from four months up to 
tbe period of biith, the ovary seems 
to be formed of little else than a mass 
of young ova, closely surrounded by 
flattened cells of the germimtl epithe- 
lium and oonatitnting thus minute 
Qraafian follicles ; the amonnt of 

ttxoaut bein^ at Uiis time relatively small. It baa been calc&lated that the ovaries may 
at this sta^e contain as many as 70,000 primordial ova. 

Davelopmant of the Teiticl«. — The f^erminal epitheltnm does not under^'o so 
marked an hypertrophy in tlis male as in the female. But it becomes thickened, 
and enlarged oells, corresponding to the primordial ova in the female, are found in 
it. Farther, small strands of the epithelium dip down into the subjacent mesoblast, 
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which grows simultaneously into the epitbeliam, and eveDtual]; cell-ncets are sepa- 
rated and included in the mesoblastic tissue. Whether these neata are derived from 
the divisioD of the primordial ova only, or whether they also include other cells of the 
genninal epithelium ia not clear. It would appear that from these ccU-neBts the 
epithelium of the seminiferous tubules is developed, although all stages of the 
process have not been observed. The cell-nests eventually become connected with 
the outgrowths from the Wolihan bodies (fig. 153, st), which as already mentioned, 



Fig. 158. -Section os 

ff.ip, genuinal epith«liiira fanning » thickened ridge-like projectian ; jir.oc, primiijfeoTaof rariDoi 
■iiee, hiuie in the genninal epithelium and nthera aonieii'Iuit beyond the limit of this epitbelinm ; U, 
BtisndB of celle which have grown from the Wolffian body tavarda Uie germinal eptthelium, and one of 
which appears connected with an enlarged primitjie ovum. 

form the rete testis and the eiferent tnbes of the testicle. The reproductive gland is 
in both sexes at first attached directly to the Wolffian body (flg. 156, A, et), which 
itself is attached by a fold of peritoneum to the back of the ahdomiaal cavity. 
This fold becomes the Ttusovarium or mesorchium as the case may be. A band also 
passes from the Wolffian body upwards to the diaphragm, and another fold contain- 
ing involuntary muscular fibres— the plica ffubernalrir—nins down towards the 
groin from the lower part of the Wolffian body and the duct. This band, as the 
Wolffian body becomes atrophied, is found to be attached to the reproductive organ, 
constituting the yuieriiaculum testis in the male, and the round ligament of tf is ovary 
in the female (fig. 156, g). 

Davcent of the lestidea. — The testicles originally lie in the lumbar region of 
the abdomen. From this part they become shifted, at first to the intestinal 
abdominal liug, opposite which tbey are fonnd in the siith month, and which they 
enter in the seventh month, then down the inguinal canal into the scrotum, which 
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they ttenally enter by the end of the eighth month. But previouBly to this, a pouch 
of peritowam— the prxesaiis voffinalw — has descended into the scrotum along the 
abdominal ring, pushing before it part of the icternal oblique muscle and the 
aponeurosis of the external oblique, which form respectively the cremasteric muscle 



Pig. 154. — DuoRiHB 1 

covEHisas. (0. Hertwig.) 

Id a the testicle U lying dose to the intem&l ahdoiainBl ring. In B it hue passed into the sac of 
the tunica vaginnliB. 1, skin of abdomen ; 1', skin of scrotum ; 2, euperlicial nbdoinintl fascia ; 2', 
Cooper's fascia ; 3, mnBcular and aponeui-otic layer of sbdnminsi vail ; 3', cremaster muscle and sper- 
matic fascia ; 4, peritoneum ; 4', processus vagiuslis ; 1" Tisceral Uyec of processus raginatia covering 
testicle ; {, testicle ; v.d., vas deferens ; r, intenml abdan.innl ring. 

and spermatic fascia (fig. 154). This pouch, after the descent of the testicle into 
it, becomes shut off Irom the abdominal cavity, and forms the cavity of the tunica 
vaginalis'. The descent of the testicle into the scrotnm is intimately connected with 
changes in the gubernaculum. The gubemaculum extends, as before mentioned, 
from the integument of the groin, which afterwards forms the scrotum, upwai'ds 
tbrou^ the abdominal ring to the lower part of the epididymis. When the pro- 
cessna vaginalis is formed, the gubernaculum lies behind the serous sac. The 
descent of the testicle is accompanied by a shortening of the gubemacular cord, 
which thus appears to draw the organ downwards into the scrotum, and the testicle 
following the line originally taken by the gubernacnlar cord, also passes down along 
the posterior wall of the processus vaginalis, which it therefore invi^inates from 
behind. 

In manj animals the testicles remain throughout life in the abdominal cavity. In otlieia 
tliey only descend into the sctotnm dorinif the period of " beat." Casee of crTptorchiamm, in 
which one or both teaticles have failed to reach the scrotnm, and have remained either in tikO 
inguinal canal or within the abdominal cavity, are not nnfrequent in the hnman sabjeot. 

The ovaries also oadei^o a considerable change of position, accompanied by a 
shortening of the band which corresponds with the gubernaculum testis in the male. 
This band, as it passes by the nnited part of the Miillerian ducts which are forming 
the body of the utems, becomes attached laterally to that organ, and the descent of 
the ovary is normally arrested at the side of the uterus. In rare cases, however, the 
ovaries pass through the abdominal ring by the canal of Nuck, and may even be 
found in the labia majora, where they resemble in position the testicles within the 
scrotum. 

The Eztflmal Oi^ans. — The external oi^na are np to a certain time entirely 
of the same form in both sexes, and the several organs which afterwards distinguish 
the male and female externally have a common origin (see fig. 155). A cloaca exists 
till after the fifth week, and the genital eminence from which the clitoris or penis is 
formed makes its appearance in the course of the filth or sixth week in front of and 
within the orifice of the cloaca. In the course of the seventh and eighth weeks this 
orifice is seen to be divided into two parts ; but the exact manner in which the sepa- 
ration of the two apertures takes place has not been accurately traced. The procees 
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is connected with the formation of the urogenital cord as an independent structure, 
and results in the division of the cloaca into a dorsal or anal and a ventral or 
urogenital part {urogenital sinus). Somewhat later, in the ninth or tenth week, a 
transverse integumental band completes the division, which band forms the whole of 
the perineum of the female, and the part of the perineal integument in the male 
which is situated behind the scrotum. 

Of the two apertures the dorsal one or anus is of small size, and is surrounded by 
a small circular integumental ridge ; the anterior or urogenital aperture forms a 



H, 






I Fig. 165. — Development of the external sexual 

"" ' '^ ORGANS IN THE MALE AND FEMALE FROM THE 

INDIFFERENT TYPE, (Eckcr. ) 

A, the exteiiial sexual organs in an embryo of aboat 
nine weeks, in which external sexual distinction is not 
yet established, and the cloaca still exists ; B, the same 
in an embryo somewhat more advanced, and in which, 
without marked sexual distinction, the anus is now 
separated from the urogenital aperture ; G, the same in 
an embryo of about ten weeks, showing the female type ; 
D, the same in a male embryo somewhat more advanced. 
Throughout the figures the following indications are 
employed ; pc, sexual eminence (penis or clitoris) ; to 
the right of these letters in A, the umbilical cord ; 
Pf penis ; c, clitoris ; c2, cloaca ; ug^ urogenital open- 
ing ; a, anus ; Zs, cutaneous elevation which becomes 
labium or scrotum ; /, labium ; $, scrotum ; co, caudal 
or coccygeal elevation. 

narrow vertical slit wider behind than before, and running forward as a furrow into 
the rudiment of the penis, or clitoris. 

The well marked eminence in the integument which forms this rudiment, at first 
indiflFerent in the two sexes, is surrounded by a deep circular fold of the integument 
which encompasses it« base, and which is the foundation of the mons veneris and 
labia majora in the female, and when united by median iiision, of the scrotum in the 
male. The lips of the urogenital furrow, which in the female are converted into the 
nymphsB, and in the male unite as the integument below the penis, are both at first 
precisely the same in all embryoes. In the open condition, which continues until 
the eleventh or twelfth week, the parts appear alike in both sexes, and resemble 
the more advanced female organs. The rudiments of Bartholin's or Cotrper's 
glands appear at an early period as involutions of epithelium, near the root of the 
rudimentary clitoris or penis, on each side of the genito-urinary passage. 

In the female, the outer circular fold of integument enlarges at the sides so as to 
cover the clitoris as the labia majora. The clitoris itself remains relatively small, 
and the groove on its under surface becomes less and less marked, owing to the 
opening out, and subsequent extension backwards, of its margins to form the nymphfc. 
The vascular bulbs, sunk more deeply in the tissues than in the male organ, remain 
distinct and separate, except at one point where they run together in the glans 
clitoridis. The hynun begins to appear about the fifth month as a fold of the lining 
membrane at the opening of the genital passage into the urogenital sinus. Within 
the vestibule, which is the shortened but widened remains of the urogenital sinus, 
the urethral orifice is seen, the urethra itself undergoing considerable elongation. 

In the male, on the contrary, the penis continues to enlarge, and the margins of 
the groove along its under surface gradually unite from the primitive urethral orifice 
behind, as far forwards as the glans, so as to complete the long canal of the male 
urethra, which is therefore a prolongation of the urogenital sinus. This is accom- 
plished about the fifteenth week. When the union remains incomplete, the abnormal 
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condition named hypospadias is produced. In the meantime the prepuce is formed, 
and^ moreover, the lateral cntaneons folds also unite from behind forwards, along the 
middle line or raphe, and thus complete the scrotum, into which the testicles descend 
in the course of the eighth month of foetal life, as before described. 

The corpora cavernosa, which are at first separate, become united in their distal 
portions in both sexes ; but the corpus spongiosum urethras which is also originally 
divided in all embryoes, and in the female remains so in the greater part of its 
extent, becomes enlarged in the male in the glans penis, and its two parts become 
united mesially both above and below the urethra, so as to enclose the whole of that 
tube from the bulb forwards to the glans. 

The following Table and Diagrams exhibit the corresponding parts of the 
urino-generative organs in the two sexes : — 
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THE EXTERNAL OEGANS. 



Fig. ISB. — DiiOBixa 10 ano* II 



8, ureter ; *, urinary bladder ; 5, nracbiu ; 
of, tbe eeriit*! ridge from wbicb either tbe ovaiy 
or testicle is formed ; W, left Wolffian body ; 
tc.w, rigbt and left Wolffian ducts ; m.nt, right 
and left MuUeriftn dncta uniting togetliei and 
runniag with the Wolffian ducU in i/c, the genital 
conl ; ag, biuub Diogenitalia ; t, lower part of 
the intestine ; cl, cloaca ; cp, elevation which 
bacomea clitoria oc penis ; U, fold of integument 
from which the labia majora oc scrotum are 



0, the left ovary ; po, parovarium 
(epoophoron of Waldeyer) ; W, acttt- 
tered remains of Wolffian tubes near 
it (paroophoron of Waldeyer) ; d 0, 
remains of the left Wolffian duct, such 
as give rise to the duet of Gartner, 
represented by dotted lines ; that of 
the right side ia marked tc ; /, the 
abdominal opening of the left Pollo- 
ptaa tnbe ; u, aterus ; the Fallopian 
tabe of the right side ia marked in ; 
g, round ligament, corresponding to 
gubemaculam ; i, lower pact of the 
intestine ; va, vagina ; A, situation 
of the hymen ; C, gland of Bartholin 
(Cowpec'a gluid), and immediately 
above it the urethra ; cc, corpus ea- 
rn clitoridis ; ic, vnscular bulb 
□s epongiOEum ; n, njmpha ; 




I, testicle in the place of its original 
fonnation ; «, caput epiilidymis ; vd, vas 
deferens ; W, scattered remtdns of tho 
WalfBan body, constituting the organ of 
Qicalil^ or the paiadidymia o( Waldeyec; 
vh, vaa abemins ; m, Mullerian duct, 
the upper part of which remains as the 
hydatid of Morgagni, the lowec part, 
represented by a dotted line descending 
to the prostetic vesicle, constitutes the 
occasionally existing comu and tube of 
the Dterus mssculinus ; g, the gubema- 
culam ; vs, tbe vesieula seminolis ; pr. 
the prostate gland ; C, Cowper's gland of 
one side ; ep, corpora cavernosa penis 
cat short ; jrp, corpus spongiosum ure- 
thra : >, scrotum ; C, together with the 
dotteil lines above, indicates the direction 
in which the testicle and epididymis de- 
■oend from the abdomen into the scrotmn. 
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DEVELOPMEKT OF THE HEART. 



POEMATIOH" OP THE TASCTTLAB 8TSTEU. 

SBTXtiOFUXHT 07 THS HXART. 

In mammals, the h(^rt appears in the form of two tubcB lying in the cephalic 
region, one on either side of the etcbryo. These are seen at a very early period, 
prior, in fact, to tiie separation of any part of the ahmentary canal from the yolli 
sac, and to the closure of the neural groove. This hilateral condition was first 
observed by Hensen in the rabbit ; it has been seen by His in the human 
embryo. 

The situation and mode of formation of the bi-tubnlar heart are well iUnatrated 
by the accompanying figures from Kalliker. They exhibit the condition in the 

Pig. 157. — Eadbit bmbhjo of the Dth »iii, vbo« tub 
sOHFiCB. \'. (KbUiker.) 

The medollarj groov* is enUrgad (Ulteriorly and the primary 
Clptil^ vesiclea are giowiag out from the Sret cerebi-al ODUrge- 
ment. On eithei' side of the head, the bitateraJ tabular b«»rt 
is awn. Jught paira of protOTertebiie are formaii. 

rabbit embryo of about eight or nine days — the 
time when the heart first makes its appearance. 
Fig. 157 showB such an embryo in surface view. 
The ncaral groove, as also the sections show, is 
widely open, although the rudiments of the cere- 
bral enlai^menta are apparent in it, and also the 
enlargements for the primary optic vesicles. There 
are eight pairs of proto-vertebne, the paraxial 
mesoblaat in front of these and on either side of 
the cerebral enlargements being undivided. Ont- 
aide this audivided cephalic mesoblast is a short 
tube dipping in front into it, and passing behind 
into a venous trunk, the vitelline or omphalo- 
meseraic vein of the same side. The tube lies 
within and is immediately surrounded by a clear 
space, which is continued forwards beyond it on 
either side of the fore-brain ; this space is pro- 
longed from the mesohlastic cleft or pleuro-peri- 
toneal cavity (co^lom}. 
The two short tubes form the double rudiment of the heart. The situation 
which they occupy becomes, when the lateral walls fold over to form the for^ut, 
the ventr^ wall of the pharynx, and the two tubes are thus brought together in the 
middle line underneath the head part of the ahmentary canal. Here they soon 
become fused together to form a single median tube, the hinder end of which is still 
continuous with the two vitelline veins, while the anterior end bifurcates near the 
anterior end of the foregut into two branches which arch doisalwards on either side 
of that tube, and then pass backwards on each side of the notochord as the two 
primitive aortse. 

These changes in the position of the primitive heart are partly shown in surface 
view in figs. 158, 159, but they can only properly be appreciated by the study of 
transverse sections. Fig, ICO is a transverse section through the anterior head 
region of the embryo shown in fig. 157. This is anterior to the heart region, but 
shows the commencing folding over of the splanchnopleure to form the foregut. 
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The mesobl&Btio cleft (coslom, ph) is somewhat dilated, but is not doubled in, as in the 
heart region. The lateral niesoblast ceases a short distance beyond it. Fig. 161 is 
a section through the middle of the head region of the same embrj'o. Here, while 




Fig. 158.— Ekbsto babbit of emht dais 

Fig. 159.— SlEtOHSS EBOniNO UOHE ADVA! 

f. (Allen Ttiomson.) 

A, Tiev from below of an embr; o id wbicti the fommUon of the heart van somewhat more adranced 
than in fig. 158, and of which an outline of the heart ie repeated in B. C, from another embrjo, shows 
the two halves of the heart in the commeucement of their coaleecence. h, ihe part of the bent tube 
which becoiaea the ventricle ; a. ptimitire aortic archea and descending aorte ; W, vitelline veins 
entering the heart posteriotl; The arrows indicate the course of the blood. 

the other parte of the section are much the same as in front, the dilatation of the 
ccelom, which is in fact the rudiment of the futnre pericardium, is occupied hj an 



Fig. 160. — Section fkov the bahe imbrto FUttHER forharu tqab that shown la 
noDRE. (KOUiket.} 
; rf, medullary groore ; r, ridge bonnding groove ; mp, medullar; plate 
at ; hp, somatopleure ; ^p, splanchnopleura ; ph, anterior part of (xclom ; 
; dd, hypoblast ; ilii', notochoidal thickening ; no, InleraJ wall of the 

invagination, or fold, of the splanchnic mesobtast. This fold becomes snbsequeiitly 
entirely separated and the aperture or line of inyagination closed ; it forma the 
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muscular wall of the heart. It encloses a second tnbe composed of flattened 
epithelium cells ; this so-called endothelial tube (His) becomes the lining epithelium 
of the endocardium. 




:K hours, with a FAKT of the PRBIPHSRIL BLASTOUBHV. V' (KdllikcT.) 

lA, rndiments of tlie heiirt ; tr, pbujiigeal gmove, with notocbonlal thicbening of hypobUst. 
B.— Part of thk »ahb kors hiohlt kaonifmd. ■(', (Kijlliker. ) 

In addition -^ahJi, fold of Bplanchnopleure to form vail of baart ; 



There is aome doubt as to the Bourca of thta endothelial tube of the heart. In tlie preceding 
edition of this work it was stated that it is "derived from the deeper part of the visceral meso- 
blant ; " this statement beings apparently founded npon the statements and fibres given bj 
Kolliker. Hia ascribes it, like the endothelium of the blood-vessels, to an ingrowth from tlie 
vascnlar area. The appearance of the section Bhown in fig:. 161 B, seetas to tend colonr to the 
belief t1 at the invagination whicb baa taken place to form the heart is not the splanchnio 
mesoblBst onl;, but has included also the hypoblastic layer of the splanchnopleare ; Uie notch 
tMcIi is seen in the hypoblast near fie, appearing to indicate an interrapted connection with 
the endocardial tube. Should future investii^ationB ehow that this is actually the mode of 
formation of the tnbe, the mammalian heart would be developed in es-sentially the same 
jttanner as has been shown by BUckert to occur in Pristinrus (on Elaamobranch), where this 
organ, which, as in all vertebrates below mammals, is formed ouly after the forep^t ie com- 
pleted, is developed as a median outgrovrth or thickening of the ventral wall of the foregnt. 
A similar mode of formation ba^ also been noticed in Cyclostomata, Ganoids, and Amphibia. In 
reptiles and birds the first appearance of the heart is as a bilateral tube, but it becomes visible 
only after the foregnt is formed, and the two tubes lie from the first close together, and from 
the surface appear aa a single median tube. 

Sections at a somewhat later period (fig. 163) show the two tnbes lying in con- 
tact on the Tentral side of the now completed foregat. The septum which divides 
them at this period has nothing whatever to do with the permanent intra-cardiac 
septum, but soon becomes completely absorbed, so tbat by the fusion of the two 
lateral tnbes a single median tube is the result (fig. 163). This median tnbe remains 
attached by a suspensory membrane resembling a mesentery {mesocardium posUrius) 
(mp, fig. 163) to the ventral wall of the pharyus, but the mesocardium anUrius, 
which also at first results from the fusion, diBap'">ar8, except at the lower end, and 
otherwise the tube becomes free, except where the vitelline veins pass to it fi-om the 
yolk sac, a lateral attachment to the body wall being here subsequently formed on 
each side {mesocardium laterale of Kolliker). After it is thus formed, the heart is 
for a time median in position and symmetrical (fig. 164, A), but already in the 
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mammal shows distinct indications of division into its several parts ; indeed, these 
parts are apparent even while the two tubes are stilt distinct, as the accompanying 
sketches of the rabbit's heart clearly show (fig. 159). The heart does not, however. 



Fig. 102.— TiuiisvEitsESi 



^. (Ksllikw, ) jj 

}}, jugnlHTTelna; as, descending ftortn ; 
pk, pharjni ; kp, epiblafit of body.BaU ; 

ih, endotbelisl lining of the still divided '»> f 

heart; oi, outer wall of the heart ;'p, peri- 
cardial citlom ; df, df, YJBCeral meaoblaat , 
(somatopleure) ; e'. prolongation of the V 
bypohlaat of the foragiit and the antttior "% ,-, 
ipill of the pericardial cavity JEto the ** 
partition between the two halret of the 
heart; U, bilaminar portion of blaslfldecm 

layers (epiblaat and hypoblast). 

long retain its symmetrical position. It soon becomes bent npon itself, so aa to 
assume the shape of an S, the anterior part of the tube bending over to the right and 
the posterior to the left (tig. 164, B). At the same time the posterior, or sino-anricular 




Fig. IBS.— Sectiok 



on, descending aortn ; hi, bulboa aorts ; ah, its eitemal wall ; mp, posterior meBocardiom, anitiDg 
the heart to tlie ventral vail of the pbaryni, pA, and here separating the pleuropericardial cieloni, 
ji, into two halres, which are, however, united od the ventta] side of the heart ; cnf, hypobbrt of volk 
aac ; 1^, ite mesoblaat ; df, meaoblaat of pharynx ; kI, epibkst. 



Fig. 164.— OciusESOi 



A, embryo of about 28 to 30 hours ; B. of about S6 to 40 hours ; a, anterior cerebral vesicle ; 
h, proto- vertebral segments ; c, cephalic fold ; I, 1, vitelline or omphalo- mesenteric veins entering the 
heart posteriorly ; 2, their union in the posterior part of the heart ; 3, the middle part of the tube 
COrreaponding to the ventricle ; 4 (in B) the arterial bulb. 

end of the heart, gradually comes to lie behind or dorsal to the ventncnlar part, 
which arches transversely from left to right, where it turns sharply upward (towards 
the head), and terminates in the bulb. The tube is divided by slight conBtrictions 
into successive portions, viz. : (1) the part formed by the junction of the principal 
veins, sinns Teuosns ; (2) the auricular part ; (3) the ventricular part ; and (4) the 
aortic bulb. 
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The smm venostts may be described tts consisting of two lateral enlargementB or 
horuB, and of a transverse part connectiug these horns. The veins which it at this 
time receives are the umbilical, the vitelline, and the ducts of Cuvier (formed 



Fig. 165.— CoKDiTioH ur tbe heart is the hdhah ixbrvo or about nmss e 

A, from before, ehowjng eitemnl appeRraace of heart ; B, the same nith the moscular substance of 
heart remorei! showing tbe endothelial tuba ; C, from behind. 

mn, maiidibuliir arch with maiillarj process ; Ay, hjoidtan arch ; b.a, bulbuB aortse ; t>, right 
Tenlricle ; i/, left Tantricla ; au, auricular part of heart ; r.n., camilia auricularia ; t.r, horn of sinUK 
vanoaui ivitb umbilical vein [a.v), euperior vena cava (v.c.i), and vitelline veia eoteiing it ; 
d, diaphragm ; m p, meBOCajilium posterius ; I, liver ; b.d, bile duct. 

by the junction of the primitive jagnlar from the head and the cardinal from 
the trunk). The three veins are nearly Bymmctrical on the two sides, and enter the 



Pig. 168.— Hbakt Of A soHEmuT i 
A, from before ; B, from behind. 
r.i, right ventricle ; l.v, left ventricle ; 6.0, bnlbas 
V.C.I, vena cava superior ; v.r, umbilical vein ; v.v, vi 

corresponding hom of the sinus (fig. 168). The sinus is at first in free communi- 
cation with the common auricular cavity, but the jnuctiou presently becomes 
narrowed, aud the resulting aperture, which eventually acquires a slit-like character. 
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IB fonnd to open from the right born of the fSma into the right pari; of the common 
ftnricle. The sinus now forms a traosversely diapoeed sac, lying below and behind 
the common auricle, with a larger right and a smaller left horn (the latter being 






A, interior of auricle and ventricle displajeiL 

B, endotbelisl tube. 

0.0, auHcukr canal ; a.i, area interposila of His ; nt, posterior moaocardiam ; r.ov, l.aa, right and 
left amiclea ; Lv, leit reutficle ; r.v. Tight ventricle; b-a, bulbna aortas. 

tapered off into the left duct of Cuvier) ; in this condition it has been termed bj His 
taccmreuntms i&g. 16d,B,andfig. 171). The ambilicol and vitelline veins soon open 
into it by a common tnmk, which becomes the upper end of the vena cava inferior. 



K-^w i>i.u 

Fig. 188.— HEiST OF R*BWT BMBBfO. (Bom.) 

A, from before ; B, from behind. 

t.t, sinus TenosuB ; l.v, left ventricla ; 
ao", second aortic arch ; r. au, right auric 
vein ; v.o, vena cava superior. 

The alit-like orifice of the sinns in the back of the right anricle is guarded by two 
yalve-like folds of the endocardium, which project into the cavity of the auricle fright 
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File. 169.— AirrsBiOB ahd posmbiob aspkjt 07 thk bkabt of a soitiirniT older sabbit ihbrto. 

c.a. pnlmonary «rtet7 ; <.r, »./, ».(r, right md left Loma and tranaverao part of Binoa reepecti»el j ; 
r.$.c, l.i.e, right ard Irft wperior cbtk ; j)«, apertnre o£ pnlmonaij vein ; A.r, hepatic reina ; rf.r, 
ductal Tenoma ; mt, mcaocaidiam poatoriiu. 

The other letters u in Bg. 168. 



Fig. 170. — SicTioR tKBonaH taa hiiat or i. babbit uibbto a* tbi stadi sHomt nc no. 16S. 
(Bom.) 
p.«, I.(, right and left horna of sinus rsceiriog from above the reepectife sap«rior yearn cbtb ; r.au, 
l.au, right and left auriclea ; r.v, l.c, right and left parts of the ventricle; r.v tt, l.r.r. right and left 
valves guaiding the orifice Etoiq tho right bom of the einas into the rlijht auricle ; au.r.c, one of tbe 
two endocardial cuBhions which are beginning to sub-divide the common aurieulo-ventricalar apertnre. 
The dotted line encloses the extent of the endccardial thickening ; ■', Gnt aeptam superior growing 
doini between the auricles and prDlongad below by a thickening of endocardium. Close to this septum 
in (he left auricle in seen the opening of the pnlmoaaiy vein ; t.inf, inferior septum of the ventricles. 



Fig. 171. — TiBV from BEBIKD OF TBE BKART OF A HUUAN EHBRTO Of ABOVT 4 REES, BAOlltriBD. (Hit.} 

The tvo BPpeiior c&vk, right and left, and the inferior cava are seen openiDg separately intA tin 
siQDs which is a tranivenelj elongated sac cummnnioatiDg only b; a nanow orifice with the right 
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and left venous valves) (fig. no,r.v.v.,l.i:t:). These pasB above into a mnacnlar fold 
of the auricular wall, which extends over the roof of the auricle heart parallel to the 
septum atrionim, and is known as the eejitiim spurium (fig, 173, B).' It disappears at 
length, probably by uniting with the septum atriorum. Subsequently the renoua orifice 
opens out, and the right horn of the sinus, which is now seen to receive all the great 
veins except the left duct of Cuvier, becomes gradually incorporated with the cavity 
of the auncle. The transverse part of the sinus and its leJt horn are continuous 
with the left duct of Cuvier (fiy, 171), and eventually the transvci'so part forms the 
coronary sinus. From the right venous valve the Eustachian vah-e is formed, and 
the development of the Thebesian valve is also connected with its lower end 
(Schmidt). The left venous valve disappears. 

The transversely placed ventricular part of the heart receives at first at its left 
end the orifice of the common auricle, which opens into its posterior wall (fig. 



Fig. 172. — DUORAK TO SHOW THB VOHXITION OF THI SBPTUX Or THI TIHTBICLU Al 



nv.f.tt (JD A aai B), aaricala-veDtricnIar aperture, partial]; divided into two b; endocardial coahioiu ; 
T.av.v, l.aa.v, right and left auricalo-TeDtricuLar apertnres vhich have resalted from the dirisionof the 
caiDmoD apertnre; t.v, l.v, right and left ventnclea ; b, balbus aortie, replaced in C, by p.a and a.o, 
pulmonary artery and aorta ; i.b, aeptam bolbi ; «.in/> eeptom inferiiu veatriculonlm ; o (in A), orlGce 
between ^e two ventricles. 

17:i, A, a.v.c.). At its right end it turns sharply upwards int<^the aortic bulb, into 
which it gradually tapers, although there is at a certain point a constriction of the 
endothelial tube, where the semilunar valves are subsequently formed (Jreium Halleri). 
Soon the right and left halves of the ventriole are separated externally by a 
groove which extends from below, partially encircling the tube (fig. ICd). If the 
interior of the heart is examined at this stage, it is aeen that a muscular septum, 
corresponding internally to this groove, is growing upwards and backwarda from 
the antero-inferior part of the tnbe, and is gradually separating it into two parts, 
which become the right and left ventricles respectively (fig. 170, ».inf). This 
aeptum {septum infiriua of His) is placed obliquely to the long axis of the tube, 
and extends eventually nearly to the level of the auriculo-ventricular orifice, which 
has by this time become shifted along the posterior wall of the tube, so as to open 
into it about its middle instead of at the right end, as was previonaly the case 
(fig. 172, B). The septum of the ventricles remains incomplete for some time, 
a communication between the two venbricles being maintained above it. Even- 
tually the septum inferius unites with prolongations, (1) from the endocardial 
cushions which divide the common auriculo-ventricular orifice into right and left 
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orifices ; (2) from the endo-cardial aortic septum, which divides the bulb into aorta 
and pulmonary artery. Thus the septum of the ventricles is completed by endo- 
cardial connective tissue, a fact which is indicated even in the adult heart by the 
existence of the thin septum membranaceum which forms the uppermost part of 
the inter- ventricular septum. 

The common auricle in the meantime becomes shifted relatively upwards over 
the back of the ventricles, carrying the sinus along with it, bub it still lies behind 
rather than over the ventricles, and the aperture of communication passes from 
behind forwards, from the left part of the auricle into the corresponding half of the 
ventricle. This constricted aperture soon becomes elongated into a short canal, 
which is known as the auricular canal. Its orifice into the ventricle is from the 
first somewhat flattened, and bounded by two lips, an upper and a lower. As deve- 
lopment proceeds, it broadens out towards the median plane of the ventricular tube, 
and becomes gradually shifted, first towards, and eventually over the line of constric- 
tion which marks off the future right and left ventricles from one another (fig. 172). 
The ventricular septum has by this time extended almost up to the transversely 
elongated slit-like orifice, and its lips, still upper and lower in relative position, 
become greatly thickened by the formation of cushions of endocardium, which grow 
towards one another in the middle of the slit, and presently fuse into a median 
thickening which converts the single M-shaped aperture into two triangular 
openings, leading one into each ventricle (fig. 172, C). Meanwhile, the septum of 
the ventricles growing towards the base abuts against, and at length comes into direct 
continuity with the fused endocardial cushions, but this connection is nearer to the 
right than to the left auriculo-ventricular aperture.^ There is still, as above stated, 
a small orifice of direct communication between the left and right ventricles above 
the free edge of the ventricular septum, and this is not closed until the descent of the 
septum of the bulb, and its union with the septum of the ventricles, completes the 
interventricular septum. 

The above account of the division of the auricular canal is based upon that given 
by Bom for the rabbit, and in some respects differs from the description which was 
given by His from an examination of human embryoes. According to His, the endo- 
cardial cushions, which by their union subdivide the auricular canal, are preceded by 
and connected with a growth of endocardial tissue, which springs from the posterior 
auricular wall, and they together form a septal prolongation (septum intermedium), 
which projects like a stopper into the auricular canal, and divides the latter into the 
two auriculo-ventricular orifices, and also grows down beyond that canal to meet the 
uprising ventricular septum (fig. 173). The shortening of this canal is in part effected 
by a kind of intussusception which takes place, and which causes its wall to be 
folded into the ventricular cavity ; these folds, with probably some thickening of 
endocardium, form the bases of the lateral flaps of the auriculo-ventricular valves 
(fig. 175). The bases of the mesial or septal flaps are formed by a downward growth 
of the edges of the endocardial septum between the two orifices. Both lateral and 
mesial flaps become continuous with the spongy muscular substance which at this 
time occupies most of the cavity of the ventricles (fig. 175). As development 
proceeds, the flaps, which are at first thick and soft, become thin and membranous, 
and become free from muscular substance except near their free edges. These 
muscular bands become tendinous near their insertion into the valves, and thus form 
the chordcR tendiiuc^; the parts which are not thus transformed become the papillary 
muscles. 

The septum of the auricles appears at the upper and back part of the auricular 

' Hence tlie right auricalo-ventricular orifice lies cloee to the ventricnlar septmn, bat the left orifice 
IB separated from it by an interval, into which the root of the aorta becomes continued (Bom), 
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eavity, where its situation Ib externally marked hj a groove. The fi^e edge of this 
geptnm grov^ forwards and downwards, and the septum (fig. 170, s') gradaally 
separates the anricnlar cavity into a right and left half, the separation being com- 
pleted by the junction of its free edge, which shows a distinct endocardial thickening, 



s^s/y, SfS 



Fia. 173,— TwosTioEBiB . 

KBK.O. (Hi8.) 

In A ihe Beptnm is reprKonteil ss growirg from a triangnkr area to the left of the sino-anrionlar 
oriliee i in B it has coalesced with the endocaiJial cu^ona, and lies like a Moppei in tlie auricular 

r.a, l.a, riglit and left auricle ; r.v, l.v, right and left ventricle ; (.r, unui Tenasua ; Ea.i, EaltAchian 
valre ; i.tp. septum ipnriuiD ; i.t, aeptum anperior ; t.inf, tejitum inferior ; i.i, septam intennedinm ; 
v.d.), Teaa cava aupcrior deitro. 
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with the fused cushion-like thickenings which are subdividing the common auricular 
orifice. But before the originally free communication between the two auricles is thus 
closed, a new aperture makes its appearance above and at the back of this septum, 
and gradually enlarges, so that a passage is thus re-established, but in a different 
situation. This new orifice is the foramen ovaU, it becomes closed by a second 
septum, which also starts from the superior auricular wall, a little to the right of the 
original attachment of the first septum, and gradually grows forwards and downwards 
over the orifice. This second septum becomes the limbus Vieussenii, the first one 
forms the so-called valve of the foramen ovale (Born). 

According to His* account of the process in the human embryo, the septum atrionun is 
formed by an anterior, or lower, and a posterior, or upper, sickle-shaped projection, which between 
them enclose the foramen ovale, and form respectively the limbus Yieussenii and the valve of 
the foramen ovale ; the connective tissue growth which he describes as growing from the 
posterior auricular wall towards the auricalo-ventricular orifice takes an important part in 
the formation of the lower septal projection (septum intermedium). There is reason, how- 
ever, to believe that the process, as above described by Bom for the rabbit, is materially the 
same in all the higher vertebrates, including man, and that the successive growth of both 
septa from the upper and posterior auricular wall was not noticed by His on account of the 
lack of a series of human embryos sufficiently complete to show all the stages of growth. 

Somewhat late in the course of development (after the appearance of the auricular 
septum), the pulmonary veins are seen entering the left auricle. Before reaching the 
auricle they have united to form a single vessel, and this opens into the auricle near 
the septum (fig. 170, p.v.). In some animals, as the rabbit, this represents the 
permanent mode of termination of the pulmonary veins, but in man the right and 
left veins come to open separately into the auricular cavity, either by division of the 
common trunk (His), or by opening out of the common trunk, and its absorption 
into the auricle in the same way as the right horn of the venous sinus is absorbed 
into the right auricle (Bom). The two resulting vessels may again divide, so that 
four pulmonaiy veins ultimately terminate in the left auricle. 

The aortic bulb becomes subdivided into two vessels, the ascending aorta and 
the pulmonary artery. The division is produced by a septum which arises as two 
longitudinal thickenings of the lining membrane (endocardium). These grow from 
opposite sides, and gradually meeting, fiise together in the middle of the bulb. The 
folds take an oblique course down the bulb, for above they are anterior and posterior, 
but below are right and left, hence the resulting vessels after separation are anterior 
and posterior below and right and left above. The endocardial thickenings extend 
somewhat below the origin of the bulb, and unite with one another and with the 
septum of the ventricles, which they complete, and of which they form the mem- 
branous part. The ventricular part of the heart is now completely divided into two, 
each communicating with the corresponding division of the arterial bulb. There are 
at first no semilunar valves, the soft thickened endocardial tissue of the bulb appear- 
ing to exercise a sort of valvular action. The valves are formed as three projec- 
tions of this tissue at the base of each vessel, at first thick and soft, but subsequently 
becoming thinner and membranous. The common aortic trunk has four such 
thickenings at the lower end, and the septum of the bulb as it descends is prolonged 
into the right and left of these, so that the dumb-bell-shaped orifice is divided into 
two triangular apertures, the bulging sides of which are formed by the endocardial 
cushions and become developed into the semilunar valves (fig. 174). 

The aortic septum begins between the fourth and fifth aortic arches, and is so dis- 
posed, that the fourth arch continues the aortic half of the bulb, the fifth the pul- 
monary half. After the completion of the seplum, an external groove makes its 
appearance along the line of the endocardial thickenings, and deepening gradually, 
spUts the bulb into two separate vessels. 
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Rg. 174.— DiAORAX 1 



(After Qegcnbaur and His.) 
A, andirided trnnciu arterioauB 
with foar endocardi&l cashiooB; B, 
adTuica of the tvo lateml coshionB 
reBulting in the diTisioD of the lumen ; 
C, projection of tiirte endocsrditU 
ciiahions id each part ; D, the sepua- 
tion iute aorta and polmoQarf trunka 
completed. 



Fig. 175. — Skctioss 



(Ha.) 

A, from an embtjo of 5 or 6 weeks. 
S.V, right aoricle; L.V, left auri- 
cle ; S.T.d, light hom of ainus ; S.r.i, 
left hom of sinui ; V.E, RuslAchian 
valve ; i.int, Kptuin snperior and 
endocardial ciubian (scptaoi interme- 
diam, His) ; i.inf, septum inferitu 
ventriculoTuiD. This uptam, hh well 
ae the bulk of the ventricle, a a mus- 
colar sponge nt this stage. Oe, (mo- 
pbsgos ; Bt, bronchos. 

B, fiom a Bomewlist more advanced 
embryo. Ad, At, right and left 
auricle ; Ott, anricnlo-ventrienlar 
sperturea ; S, >, Beptum superior of 
auricles; S.it, endocardial cushioD 
(Beptum intermedium) ; S.if, aeptam 
inferiuB ventrijulorum, now denser 
and mora muscular ; SIpp, peri- 
cardial attachment. 

DiBtincb muecular tissue is 
seen in the cardiac wall, even 
as early aa the stage of an 
3-shaped tahe, althoagh the 
heart b^ins to pulsate regn- 
larly long before thia. The 
moBonlar layer is separated 
from the epithelial lining of 
the cavities (endothelial tube 
of His) by a layer of clear 
gelatinous tiesue,bridged across 
by fine fibres (embryonic con- 
nective tissue). This layer is 
most abundant in the ventri- 
cnlar part and aortic bulb, and 
here the endothelial tube is 
consequently much smaller 
than the mnscular tube. Sub- 
sequently, in the ventricle, the 
geJatinons tissue is invad»l by 
muscnlar bands which grow 
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into it from the compact outer layer of muscle, and unite with one another to form 
a spongewprk of muscular trabecule, while the endothelium of the cavity becomes 
depressed between and over these trabeculse, and lines all the spaces between them, 
which thus communicate with the cavity of the ventricle. The ventricles are therefore 
now in the same condition in which they are found permanently in many of the 
lower vertebrates (e.g. frog). 

Ultimately the compact outer layer of muscle becomes greatly increased in thick- 
ness, and the spongework of trabecular occupies a relatively much smaller portion of 
the cavity, being developed in part into the columnse carneae of the adult heart. 

Peculiarities of the fostal heart. — Besides the peculiarities of structure, 
which have been above described, the foetal heart differs in position, in relative size, 
and in the thickness of its several parts, from the organ after birth. Thus it is at 
first placed immediately under the head, but subsequently, with the development of 
the neck, it gradually assumes a position farther back. In early foetal life it is 
much lai^er in proportion to the size of the body than at a later period, and at birth 
it is still proportionally large. The walls of both ventricles are of equal thickness 
during foetal life, a peculiarity which is evidently connected with the fact that in 
consequence of the communication of the pulmonary artery, through the ductus 
arteriosus, with the aorta, the blood pressure which they have to overcome is the 
same. 



DSVlBIiOPMXKT OF THB PRINOZFAIi ABTXBD&B. 

From the point of insertion of the aortic bulb into the ventral wall of the foregut, 
first one, and then in succession foar other arterial arches^ become formed, and pass 
on either side, one into each visceral arch. Half encircling this part of the 



I. ' 




Fig. 176.~DlAaRAMMATIO OUT- 
LINES OF THE HSART AND PRI- 
MITIVE VESSELS OF THE EKBRTO 
CHICK AS SEEN FROM BELOW AKD 
ENLARQED. (A. T.) 

A, soon after the first establish- 
ment of the circulation ; B, C, at 
a somewhat later period ; I, 1, 
the veins returning from the vas- 
cular area ; 2, 8, 4, the heart, 
now in the form of a notched 
tube ; 5, 5 (upper), the two primi- 
tive aortic arches ; 5, 5 (lower), 
the primitive double aorta ; a, the 
single or united aorta ; 5', 5', the 
continuation of ther double aortie 
beyond the origin of the laiige 
omphalo-mesenteric arteries, 6, 6. 
The division above 4 is repre- 
sented as carried rather too far 
down. 



alimentary canal, they are continued above it into two descending or prmitwe aartce. 
These two vessels run down the trunk on either side of the notochord, yielding, as 
they descend, lateral ofisets to the body walls and to the yolk sac. Finally they give 
off, at the lower or posterior extremity, two large vessels, which accompany the 
allantoiSy and furnish blood to the foetal part of the placenta (umbilical or aUanUnc 
arteries). 

The primitive aortas do not long remain double. As was first shown by means 
of sections by Allen Thomson, they unite in the middle line, the union banning 
in the dorsal region and extending forwards and backwards ; in the latter direction 
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even beyond the origin of the oUaatoio arterieB, the middle eacral artery being in 
inct the extremity of the aorta. 

Occaeioiuilly the union remaina incomplete, a median aeptnra being sometimes foond u » 
malformation of tlie descending aorta. 

The oommon iliacs are formed by persigtenee of the toota at the allantoic arteries ; when 
the lower limbs ate farmed they give off to these the eztemel iliacs. 

Since their discovery by likthke. in 1825, the arterial arches have been regarded with 
mnch interest as corresponding with those from wHch the blood-vessels of the gills in 
flihee and amphibia are derived. Along with tlie (subdivided) aortic bulb they give rise, by 
TsriouH transf onnatiouB, to the permanent pnlmonaty and oortie stems and the principal vessels 
which spring from them. Most of what is known regarding the mode of their traneformation 
in different animals is due to the researches of Rathke. In the human embryo the subject 
bos been recently investigated by His, whose aocoont will be here mainly followed. 



Blj. 177.— PlWULS TItW OF A HOXiH IXIBTO 0» ABOUT TIITIM DATS, WITS TBK AMKIIBTABT OAITiL HI 
LONonUDtHAL SKPtlDN. [His.) 

Two arterial arches are fonned at tbia stage. 

Fig. 178.— StMILiK VIEW OB A BOMKWUAT OLDBK KIBBIO, BHOWIHO ftVH ABTKRUL AEOHES. 

1, 2, 3, 4, 6, are opposite the respective secondaiy cerebral vesicles ; from the side uf the fore-bmin 
the primary optic vchIoIb ia bsob projecting ; ot, otio resicla, stjll opeo in 177 ; p.v, septum between 
month and pharynx (primitiTe velum). This has disappeared in 178 ; I, commeacing liver in septom 
traosvemim ; v, vitelline stalk ; ali, allantois encloeed within nlBlk ; j.v, jugular vein ; c.r, cardinal 
vdn ; t.r, niaxa veaosus withia seplnm transversuiu ; u.a, left ambiUcal (allantoic) orter; ; u.v, left 
nmbiiicat vein. The sliarp curve of the trunk of the embryo towards the yolk-sac is uomuJ at this period 
of development. 

From the point of insertion of the aortic bulb the arterial arches have a radial 
disposition as they pasa into their respective visceral arches (fig. 181). They at first 
effect, as above stated, a complete communication between the aortic bulb and the 
descending aorta, bat snbseqoently in most cases the commnDicatioo becomes 
obliterated, and the completeness of the vascnlar arch is thns obscured, the only 
arches which in mammals remain pervioos throogh their whole extent np to the 
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time of birth being the fourth and fifth arches of the left side, which form the aich 
of the aorta and the dnctns arterioBna respectively. This obliteration b^ns early 
in the first and aecoud arches, so that in many aaimals by the time the posterior 
arches are formed the anterior are partially obliterated ; but in man this is not the 
case, all five pairs of arches being present and fully pervious for a certain time (figs. 
178, 179, from His). 

As development proceeds, the point of insertion of the aortic bulb, which a at 
first opposite the first arterial aroh, becomes, along with the rest of the heart, 

— Pig, 179.— PmonLK niw o» i HtritAir ubbto of 



!W. (Hi..) 

mx, maxi]Ui7 process ; mn. mandibiiUr areh ; 

, f{. (7, dact of Cuvier ; y. V, jngntar vein ; c.c,cudiiuJ 

I Tela ; v.v, Titelline vein ; u.v, umbili<^ vein ; u.i>, 

' umbUlcal artery ; all, sll&nloiB ; pi, pl&cenUl il- 

[achment of allnntoic sUlk ; olf, olfactor; depreo- 

relatively shifted backwards, and on each 
side the arterial arches presently appear to 
come off from the bulb in two sets, viz. : 
the first and second from an ascending 
trank. afterwards the external carotid, and 
the third, fourth, and fifth from a descend- 
ing trunk. 

,Ab the point of iusertion is still further 
shifted, the third arch becomes added to 
the ascending trunk, the lower part of 
which now forms the common carotid. 
Finally, by a continuance of the same 
process, the fourth arch on each side comes 
to spring from the ascending trunk : that 
of the right side forming the ianominat« 
artery, that of the left the arch of the 
aorta ; and only the fifth arch, from which 
the pulmonary arteries spring, has for a 
time a descending direction. 

From the dorsal part of the first arch a 

branch passes towards the brain — this 

becomes the upper part of the internal 

carotid. When the first and second arches 

become obliterated — a change which next 

occurs — this branch remains in continuity 

with the third arch by the anobliterated dorsal portions of the first and aecoud 

arches (npper extremity of primitive aortie) ; these portions, together with the third 

arch, form the lower part of the internal carotid, the posterior communication 

between the third and fourth arch becoming obliterated. The branches of the 

external carotid are prodnced frvim the remains (ventral) of the first and second 

arches j the maxillary and temporal arteries from the first, the lingual and ascending 

pharyngeal arteries, and probably also the occipital and auricular, from the anterior 

part of the second arch. 

The division of the bulb into aortic and pnlmonary trunks begins just at the 
time whea the extremity of the aortio bolb has become shifted backward so as 
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to be oppOBita the point of jnnction between the fonrtb and fifth pairs of arohee, so 
that now all the arches above this point become Beparated off in connexion with the 
trunk of the aorta (aaoending aorta) ; the one below it remaining ia conneiioa with 



1, 2, 3, 4, 5, the seoonduT oewbral vBaicloa ; Aj^i, hypophjaia; at, otic veaicle ; mn, nandibalar 
Mch ; Ig. lung rudiment i tt, atomacb ; Wd, Wolffian duct opening into cIo&cb  / // ///, IV V 

the «rteri«l arches ipringing from b.a, bnlbus arterioeus ; p, pulmonary arte'ry ; d.C, duct of Caviw. ' 

the puhnonaiy trank. After the separation, the aortic bulb, now a doable tube, 
becomes still farther shifted back, and with it the fourth and fifth arehes. Since 



on, point of HtlAchment of aortic balb iu the anterior 
waJl of the pharjni ; mn, ky, br^, Jr*, firat four visceral 
arches ; /, //, ///, IT, the correiponding arterial 
arches ; V, fifth arterial arch giving off tho pulmonary 

the inferior larTDgeol nerve passes under the 
latter, this nerve mtuit also become shifted 
downwards along with these archea. To 
allow for this ^Itiug of the bnlb, the 
common carotids become proportionally 
lengthened. 

From the descending primitive aortse on either side a series of inter-segmental 
arteries pass ; the uppermost of these become united to form the vertebral arteries 
(which subsequently unite superiorly in the middle line to produce the basilar), the 
lower form intercostal arteries. A branch for the upper extremity comes off from 
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the commeQcemenb of the vertebral ; it subsequently far exceedB the parent Teasel 
in size, and forms the subclavian, this name being extended to what was originally 
the commencement of the vertebral from the descending aorta. 

Destmation of tha fiiiirth uid fifth Brcbai.^As was above stated, the 
aortic trunk, connected below with the left ventricle, is connected above with the 
fonr superior arches, which spring from its two ascending rami ; of these rami the 
right is much the smaller, and ita root fonns the innominate ; tlie root of the left, 
which is much larger, represents the part of the arch of the aorta between the 

Fig. 182— DUOBUM lOSHOW 
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innominate and the left 
common carotid. On the 
right side the proximal 
part of the fourth 
arch remains, and forms 
the common subclavio- 
vertebral trunk ; on the 
left side the whole arch 
persists and forms the 
remainder of the arch of 
the aorta. 

The fifth arch of the 

right side only persists 

as far as the origin of 

the branch to the right 

lung, the remainder of 

the arch disappears. The fifth arch of the left side persists throughout its whole 

length during fcetal life, and joins the fourth arch as the ductus arierwsus. After 

birth, the part of the arch lieyond the branch to the corresponding lung becomes 

impervious on this side also, and is converted inte the ligamenlum arteriosum. 

The upper part of the descending primitive aorta disappears entirely on the 
right side ; that of the left side forms the commencement of the permanent 
descending aorta. 

Rathke desoribed botb pnlmonary arteries aa being given off from the fiftb left btcIi in 
mammilla, although admitting that in birde and reptUes each is formed from tbe correBpouding 
aroh. In birds the permanent aortic arch ia the fourth arch of Qxe rig-Iit Bide, and not of tlie 
left Bide as in mammals, and in reptiles both aortic arches remain perrions. 

Many of the abnommlities which are observed in the disposition of these arteries, may be 
explained by refirarding: them as a persistence of embryonic conditions. 

The development of the arterial arches of tbe bird has been recently again examined bj 
Mackay. whose accoont differs in important particulars from that of Rathke, and indeed of 
nearly all previous investigatorB. He describes the sabclavian artery as arising from the third 
amh, not from the foorth (this was also given as it« orig-in by Sabatier), springing from the 
ventral part of the arch, and running ontwards soperficial to the pnenmogastric nerve and jognl" 
vein. The third arch and its dorsal upward prolongation, form the common carotid, not the 
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internal carotid, as stated by Bathke, and the ventral prolongation of the truncuB arteriosus 
forms, not the external carotid, but a small branch from the subclavian, or innominate 
artery, to the front of the trachea. These observations have not been as yet extended to 

Zimmermann has described, both in the rabbit and in the human embryo, an arterial arch 
between the aortic and pulmonary arches. If this is of constant occurrence it must be 
reckoned as the fifth arch, and the pulmonary will become the sixth. 

The histogenetic changes involved in the development of the blood-vessels are described in 
the chapter on Histology. 

The first vessels appear, as has been already stated, in the mesoblast of the vascular area ; 
the lamina of mesoblast in which they are formed is sometimes distinguished as the rmcular 
lamina. They are said (by His and others) to grow inwards from the vascular area, but the 
manner in which the principal arteries and veins of the body are first developed is not clear, 
beyond the fact that they are at first merely endothelial tubes. The muscular tissue of the 
primitive aort» is derived from the lower part of the proto-vertebra (E. MttUer). 

DHYBIiOPVBNT 07 THB PBINOIPAIi YBIMS. 

In this subject ako the description given bj His of the condition and changes 
of the veins in the human embryo will be followed, although it differs in certain 
particulars from that which has usually been received. 

In the early embryo, before the development of the aUantois, two vitelline or 
ompJialo-meseraic vemsy right and lef t^ bring back the blood from the vascular area 
upon the yolk sac, and unite to form a common trunk, which is continued as the 
sinus venosus into the auricular extremity of the rudimentary heart. 

At the commencement of the placental or allantoic circulation (fourth week in 
man) two umbiUcal veme are seen coming from the placenta and opening into the 
sinus near the vitelline veins (fig. 168). Into this also opens on either side a 
transverse vein, the dvdit of Guvier or superior vena cava, which is formed by the junc- 
tion of the primitive jugular vein, bringing blood from the head, and the cardinal 
vein, which returns the blood from the Wolffian bodies, the vertebral column and 
the body walls (figs. 179, 180). The trunk or sinus into which all these veins pour 
their blood is now transversely disposed, iomiediately below the diaphragm, and 
forms the saccus reuniens of His, which has been already alluded to (p. 139). 

The vitelline or omphalomeseraic veins enter the abdomen along the vitelline 
duct and ascend at first along the front of the alimentary canal, but higher up they 
are seen on either side of that tube (duodenum and stomach). Here transverse 
communications form between the two veins, two in front of and one behind the 
duodenum, so that this is encircled by two vascular rings (figs. 180, 183). Above 
these venous circles the direct communication with the sinus becomes lost, the inter- 
mediate venous vessel or either side becoming broken up within the substance of the 
liver (which has by this time developed around them) into a vascular network, the 
middle part of which becomes capillary. 

The vessels which pass from the upfler venous ring to the capillary network are 
known as vence advehentes, they become the branches of the portal vein ; those 
which pass from it into the sinus are the veme revehentes, they become the hepatic 
veins. 

The lower communication between the vitelline veil|i9 t^Ji/s^ the form of a com- 
plete longitudinal fusion of the two vessels, at least for some distance. TMs fused 
part receives veins from the intestine and stomach, and becomes the commencement 
of the portal vein. 

The umbilical veins are for a long time double within the abdomen, although 
tfbey have fused within the umbilical cord into a single trunk. They diverge from 
this and pass up to the sinus on either side in the somatopleure, just where this is 
becoming bent round into the amnion. Afler a time, however, it is found that this 
direct communication with the sinus is partially interrupted by the development of a 
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vaBcnlar network, and that on the left side a fresh communication has become eeta- 
blished with the tipper venons circle of the vitelline veins. The inteimption sabse- 
quently becomes complete on both sides (fig. 183), and on the right side the greater 

Pig. 183.— V«B008 tWlVSS OF * HtmAB EMIBYCI OF 
ABOUT THBII-UfD-l-HALr WBRKB. (Hil.) 

v.e.d, v.e.i, Bop«rior veniF ote, right ind left; 
r.j, V.c, primitive jngnlar and oudinat Tein ; 
v.v.d, V.V.I, umbilical veins, right uid left ; ck', 
v.u", upper detached portion! of umbilical veini ; 
, v.v.om, Dmphalameseiaic or vitelline veitu foiming 

^•4. the vena porta. Tbe permanent veiiu are eolaored 

blue. 

part of the vein becomes atrophied (on 
both sides the part which originallj opened 
into the sinus renniens remains evident 
for a time). The left vein, on the other 
hand, inci-eases in bulk with the develop- 
ment of the placental circulation. For a 
short time the whole of its blood, as well 
as that of the vitelline vein, passes through 
the capillaries of the liver. But a branch 
is soon seen passing from the upper venous circle direct into the right hepatic 
vein, near its entrance into the sinus. This forms the ductus venosm or vena 
OKendtns, and it now carries most of the blood of the umbilical vein direct to the 
heart. Subsequently the direct communication of the left hepatic vein with the 

Fig. 184.— Ubdw 8 

a. the ninbilir-al reia, I^ng m tbe ombilical 
6iuure. and turning to the right side, at tbe tiane- 
veiM fissure (o), to join the vena portm ( y) ; d, the 
ductus lenoeuB, continuing Btrsigbt on to join the 
vena cava inferior {e) \ wime brani^es of the umbili- 
cal vein p\i» from a into the enbitance of tbe liver ; 
'J. the gall-bladder, cut 

sinus becomes obliterated, and a new com- 
munication becomes eatablished with the 
ductus venosus ; and, finally, when, with 
the growth of the lower limbs and of the 
other abdominal and pelvic organs, the inferior vena cava becomes developed, this 
also joins the upper end of the ductus venosus. 

The lower part of the portal vein is formed, as we have seen, by tbe united 
\-itelline veins. The upper part is formed as a single trunk out of the double venous 
anuuluB by atrophy of the right half of the lower ring and the left half of the npper 
(fig. 183). Tbe spiral turn around the duodenum is thus produced, and thus it is 
also that tbe portal vein at first appears more directly connected with the right venio 
advehentea than with the left. 

Moat of these embryonic veins are at first of relatively large size and have an 
irregular sinus-like character, which disappears at a later stage of development. 

At the time of commencement of the placental circulation, two short transverse 
venous trunks, the dutts of Cvvier, open, as has been above stated, one on each side, 
into the auride of the heart. Each is fbrmed by the union of a snperior and an 
inferior vein, named reifiectiTely the prmilivtjagvlar and thiv cardinal. 
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The prtmilive jugular vein receives the blood from the cranial canity by cbannels 
in front of the ear, which arc subsequently obliterated : in the greater part of its 
extent it becomes the external jugular vein ; and near its lower end it receives small 
branches, which grow to be the internal jugular and subclavian veins (fig. 185). 
The cardinal veim are the primitive vessels which return the blood from the 
Wolffian bodies, the vertebral column, and the parietes of the trunk. The inferior 
vena cava is a vessel of later development, which opens into the trunk of the 
umbilical and vitelline veins, above the venie hepaticse revehentea. The iliac veins. 

Fig, 185.— DliORAH OF 



a. (After Kolliter.) "" ■" 

J, jugular ™ns oniting with the Bnbcla- 
ri&n, (,' c.a, cardiDal veitie becomiDg tbe 
aifgoB as in B ; d.c, (lu<;tH of Cuvier formed 

b; tbe union in B of jugular and cardinal, ' 

and becoming the auparior vena cava on the 
right side, but disappearing on the left side ; 
m', part of left cardiual vein vhich diaap- 
pears ; ct, ven& cava inferior ; I, hepatic 
veins Bud ductus TenoBus ; if, commoQ iliac 
veins ; cr, extem^ iliaes ; k, bypogsstric 
becoming the iDtfimal jllacs. 

which unite to form the inferior 
vena cava, communicate with the 
cardinal veins. The inferior extre- 
mities of the cardinal veins arc per- 
sistent as the internal iliac veins. 
Above the iliac veins the cardinal 
veins are obliterated in a consider- 
able part of their course ; the upper 

portions then become continuous ^ 

with two new vessels, the ijosterior 
vertebral veins of Rathke, which 
receive the lumbar and intercostal 
twigs. 

As development proceeds, the direction of the ducts of Cuvier is altered by tne 
descent of the heart from the cervical into the thoracic region, and becomes tbe 
same as that of the primitive jugular veins. A communicating branch makes its 
appearance, directed transversely from the junction of the left subclavian and 
jugular veins, across the middle line to the right jugular ; and further down 
in the thoracic region between the posterior vertebral veins, a communicating 
branch passes obliquely across the middle line from right to left. The commnni- 
cating branch between the primitive jugular veins is converted into the left brachio- 
cephalic or innominate vein. The portion of vessel between the right subclavian 
vein and the termination of the communicating branch becomes the right brachio- 
cephalic vein. The portion of the primitive jugular vein below the communicating 
vein, together with the right duct of Cuvier, forms the vena cava snperior, while 
the cardinal vein opening into it is the extremity of the great vena azygos. On the 
left side, the portion of the primitive jugular vein placed below the communicating 
branch, and the cardinal and posterior vertebral veins, together with the cross 
branch between the two posterior vertebral veins, are converted into the left 
superior int«rco6tal and left superior and inferior azygos veins. The variabihtj 
in the adult arrangement of these vessels depends on the different extent to which 
the originally continuous vessels are developed or atrophied at one noint or anothor. 
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The left duct of Cuvier is obliterated. Bub even in the adult, tracea of this vessd 
can always be recognised in the form of a fibrona band, or sometimes a narrow vein. 




Pig. 18S. — A. and B. — DiiauHHiTia o . . _ 

A ctis OF ITS vsRSiraBNCB. (Sketched after Matsh&U.) i. 

The vievi are eupposed to b« from before, the parts of the heart beiDg removed or seen through. 

1, r, internal jugular veins ; 2, 2', gubolavian veins ; 3, right innominate ; 3', right or regnlnr 
saperior caia ; i, left innominate, nomial in A, nidinientar]' in B ; G, in A, the opening of the superior 
intercostal rein into the innominate ; &', veetige of the left Buperior cava or duct of Cuvier ; 6, 6', in B, 
the left vena cava superior abnormally pertiBtent ; 6, conmijj sinus ; 6', coronaij leini ; 7, Buperior 
intercoatal trunk of the left ^de (left cardinal vein) ; 8, the principal sijgos (right c&rdinal vein) ; 
7', 8', Bome of the upper intercostal veins ; S, the opemng of the inferior vena cava, with the Buatachian 

which descends obliquely over the left auricle ; and in front of the root of the left 
luug there remains an indication of ite former presence in the form of a small fold 

Fig. 187. — Vtiw or the niial hurt amd qriat 



figure is planned after one of Marshall'a. ) 

e, the conuB arlariosQs of tho right ventricle ; d, the left 
ventricle ; e, descending aorta ; +, vestigial fold of the 
pericardium ; /, arch of the aorta, with a part of the 
pericardium remaining abore; g. main pulmonaiy artU7 
and ductus arteriosus ; g', left pulmonaij artery ; 1, 1', 
right and left internal jugular veins ; 2, 2', subclavian 
Teins ; 3, 3', right innominate and auperior vena cava ; 
4, left innominalfl ; &, G', remains of the left superior 
cava and dnct of Cuvier, passing at + in the vestigial 
fold of the periennlium, joining the coronorj ainua, 6, 
below, and receiving above the superior iulercostal vein, 
7 ; 7', T, the upper anil lower intercostal vein. 

of the serous membrane of the pericardium, the vestigial /old of Marshall, to whom 
is due the first full elucidation of the nature and relations of the left primitive vena 
cava superior. 

The left duct of Cuvier has been observed persistent as a small vessel in the 
adult. Less frequently a right and a left innominate vein open separately into the 
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right auricle, so arrangement which ia also met with in birds and in certain 
mammalB, and which results from the veagelB of the left side being developed 
Bimilarlj to those of the right, while the cross branch remains small or absent. 

A case is recorded by Graber in which the left Tena azygos opened into the 
coronary sinus, and was met bj a email vein descending from the nnion Df the 
Bubclavian and jngnlar. Here, then, the jugular veins had been developed in the 
usual manner, while the left vena azygoe continued to pour its blood into the duct 
of Cnvier. 

PKCOXJABITIBB OT THE PCBTAI. OBOAK8 OF ontCtTI.ATIOH. 

It may be nseful here to recapitulate shortly the peculiarities of stractnre 
ezistii^ in the advanced stage of tlie formation of the fcetal oi^ns of circulation, 

Fig. IBS.— DUQBAKHATIO OUTLIMB OF TBI 



Of BIX HORTHS. (AUsQ ThomBOD.) 

EA, ligbt anricle of the beort ; BT, right 
TCDtricla ; LA, left nuncle ; £t, EustAcLian 
t&Its ; LV., left ventricle ; L, liver ; K, left 
kidnaf ; I, portion of small intestine ; a, 
•>«k of the ■orta ; a', ila doraal part ; a', 
lower end ; vci, anperior rena cava ; tci, in- 
ferior Tena where it joinn the right nnriclo; 
vet', its lower end ; t, snbclavian reuelB ; 
, J, light jugnloF Tein ; c, uDminon c&rolid 
arteries ; four carved dotted arrow lines are 
carried through the aortic and pulmon&r; 

ring, and the auriculo-Tentricular orifices ; 
, jpposite to the one passing through the 
pulmonary artery, marks the pUce of the 
ductus arterioins ; a similar arrow line is 
■hawn passing from the vena i:i>tb inferior 
Ibrongb the fossa anilis of the right auricle, 
and the foiaiuen ovale into the left auricle ; 
kv, the hepatic veins ; vp, vena portie ; z to 
TO, the ductus venosus ; uv, the umbilical 
Tain : va, ambilicsl arteries ; uc, umbilical 
cord cnt iJiort ; t i', iliac vessels. 

with reference to their influence in 
determining the course of the blood 
during intra-nterine life, and tho 
changes which occur in them upon 
the eetablishment of pulmonary re- 
spiration at birth. 

The fbnuasn orals retains the 
form of a free oval opening in the 
septum atriorum np to the fotu-th 
month, bnt in the conrse of that 
month and the nest the growth of 
the valvular plate which fiUa np the 
floor of the fossa ovahs, becomes 
complete, so that in the last three 
and a half months the blood can 
only pass from the right into the left 
auricle, not in a contrary direction. 

The EnstaoliuuL voIts constitutes a crescentic fold of the lining structure of 
the heart, which is so situated as to direct the blood entering the anricle by the 
inferior cava towards the opening of the foramen ovale. 



156 C0VB8B OF 1*HE BLOOD IN THE FCKXUS. 

The ductus artariosiui establishes a oommnnioation between the main 
pnhnonaiy artery and the aorta, by which the blood from the right ventricle is 
carried mainly into the dorsal aorta. 

The two large hypogastrio or umbilical arteries, prolonged from the iliac 
arteries, passing oat of the body of the foetus, proceed along the umbilical cord, 
to be distributed in the foetal portion of the placenta. From the placenta the blood 
is returned by the umbilical vein, which, after entering the abdomen, communi- 
cates by one branch with the portal vein, and is continued by another, named 
ductus venosus, into one of the hepatic veins, through which it joins the main stem 
of the vena cava inferior. 

Course of the blood in the fostus. — ^The right auricle of the foetal heart 
receives blood from the two vena cavsB and the coronary sinus. The blood brought 
by the superior cava is simply the venous blood returned from the head and upper 
half of the body ; whilst the inferior cava, which is considerably larger than the 
superior, conveys not only the blood from the lower half of the body, but also that 
which is returned from the placenta and the liver. This latter stream of blood 
reaches the vena cava inferior, partly by a direct passage — the ductus vmosus — and 
partly by the hepatic veins, which bring to the vena cava inferior all the blood 
circulating through the liver, whether derived from the supply of placental blood 
entering that organ by the umbilical vein, or proceeding from the vena port® or 
hepatic artery. 

The blood of the superior vena cava is believed to pass through the right auricle 
into the right ventricle, whence it is propelled into the tronk of the puhnonary 
artery. A small part is distributed throagh the branches of that vessel to the lungs, 
and returns by the puhnonary veins to the left auricle ; but, as these vessels remain 
small up to the time of birth, by far the larger part passes through the ductus 
arteriosus into the descending aorta, and is thence distributed in part to the lower 
half of the body and the viscera, and in part along the umbilical arteries to the 
placenta. From these several organs it is returned by the vena cava inferior, the 
vena portse, and the umbilical vein ; and, as already noticed, reaches the right 
auricle through the trunk of the inferior cava. 

Of the blood entering the heart by the inferior vena cava, it is supposed that 
only a small part is mingled with that of the superior cava, so as to pass into the 
right ventricle ; by far the larger portion is thought to be directed by the 
Eustachian valve through the foramen ovale into the left auricle, and thence, 
together with the small quantity of blood returned from the lungs by the 
pulmonary veins, to pass into the left ventricle, whence it is sent into the arch 
of the aorta, to be distributed almost entirely to the head and upper limbs. 

Sabatier was the first to call attention particularly to the action of the Eusta- 
chian valve in separating the currents of blood entering the right auricle by the 
superior and inferior venss cavae. This separation, as well as that occurring 
between the currents passing through the aortic arch and the ductus arteriosus 
into the descending aorta, was illustrated experimentally by John Seid. A striking 
confirmation of the extent to which the last mentioned division of the two currents 
of the foDtal blood may take place, without disturbance of the circulation up to the 
time of birth, is afforded by the examples of malformation in which a complete ob- 
literation has existed in the aortic trunk immediately before the place of the union 
of the ductus arteriosus with the posterior part of the aortic arch. 

In earlier stages of development than those above described, it is certain that 
there is little or no separation of the two kinds of blood, for both the umbilical 
veins from the placenta and the veins from the yolk sac and body generally, 
pour their blood together into the sinus venosus, and the mixed blood is then 
forced through a single somewhat narrowed orifice (jporta vestihuli of His) into the 
auricle. 
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OHAHaBB IN THB OZBOUULTION AT BIBTH. 

The changes which occur in the organs of circulation and respiration at birth, 
and which lead to the establishment of their permanent condition, are more 
immediately determined by the inflation of the Inngs with air in the first 
respiration, the accompanying rapid dilatation of the pulmonary blood-vessels 
wiUi a greater quantity of blood, and the interruption to the passage of blood 
through the placental circulation. These changes are speedily followed by 
shrinking and obliteration of the ductus arteriosus, and of the hypogastric arteries 
from the iliac trunk to the place of their issue from the body by the umbilical 
cord ; by the cessation of the passage of blood through the foramen ovale, and 
somewhat later by the closure of that foramen, and by the obliteration of the 
umbilical vein as far as its entrance into the liver, a&d of the ductus venosus behind 
that organ. 

The process of obliteration of the arteries appears to depend at first mainly on 
the contraction of their coats, but this is very soon followed by a considerable 
thickening of their substance, reducing rapidly their internal passage to a narrow 
tube, and leading in a short time to final closure, even although the vessel may not 
present externally any considerable diminution of its diameter. It commences at 
birth, and is perceptible after a few respirations have occurred. It makes rapid 
progress in the first and second days, and by the third or fourth day the passage 
through the umbilical arteries is usually completely interrupted. The ductus 
arteriosus is rarely found open after the eighth or tenth day, and by three weeks 
it has in almost all instances become completely impervious. 

The process of closure in the veins is slower ; but they remain empty of blood 
and collapsed, and by the sixth or seventh day are generally closed. 

Although blood ceases at once to pass through the foramen ovale from the 
moment of birth, or as soon as the left auricle becomes filled with the blood 
returning from the lungs, and the pressure within the two auricles tends to be 
more equalised during their diastole, yet the actual closure of the foramen is more 
tardy than any of the other changes now referred to. It is gradually effected by 
the union of the forepart of the valve of the fossa ovalis with the margin of the 
limbus of Yieussens on the left side ; but the crescentic margin is generally perceptible 
in the left auricle as a free border beyond the place of union, and not unfrequently 
the union remains incomplete, so that a probe may be passed through the reduced 
aperture. In many cases a wider aperture remains for more or less of the first year 
of infancy, and in certain instances there is such a failure of the union of the valve 
as to allow of the continued passage of venous blood, especially when the circulation 
is disturbed by over-exertion, from the right to the left auriclp, as occurs iu the 
malformation attending the morbus coeruleus. 



THB IiTMFHATIO 0T8TXM. 

The deralopment of the Ijmphado sTatem has been studied in the ohiok by Bodge. Here 
there exist a network of lymphatics agrreeing in their general distribution with the blood- 
Teesels in the yascolar area. This is ^e first lymphatic circulation ; a second one is formed 
later, corresponding with the allantoic circulation. The lymphatics of both systems communi- 
cate with the coelom, but only those of the second circulation communicate with veins. The 
lymphatics lie in the vascular area above and close to the blood-vessels, but are sex>arated 
near the embryo by a layer of mesoblast continuous with the splanchnopleure. 

The method of development of lymphatic vessels and lymphatic glands, is dealt with in 
the chapter on Histology. 
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PEVBLOPMEMTP OP THE SEBOUS OAVITIBS AND OP THE 

MUSCLES AND SKELETON. 

The serous cavities — ^peritoneum, pleurae, pericardium — are derived from the 
original split or cleavage of the mesoblast, which constitutes the ccelom or general 
body cavity (pleuro-peritoneal cavity of older authors). This cleft is formed in the 
head as well as in the trunk, and when the heart is formed as a double tube, each 
half is enclosed within a portion of that cavity, which later on, when the body walls 
bend round and meet to enclose the fore-gut, comes, like the heart itself, to occupy a 
position on the ventral aspect of the alimentary tube. The part of the ccelom which 
thus contains the heart is not for some time entirely distinct, but conmiunicates 
dorsally by two comparatively narrow channels with the anterior part of the general 
body cavity, here separated into lateral halves, which ultimately become the pleurae,* 
by the alimentary canal. Subsequently these communications become obliterated, 
and the heart-coelom separated as a distinct cavity (pericardial cavity). Below, 
where the great veins enter the heart, they pass into a mass of mesoblastic tissue, 
which is connected with the anterior body wall (where it receives the umbilical 
and vitelline veins), and also with the lateral wall (where it receives the ducts of 
Ouvier), and which, as the heart bends, so that the venous end passes behind the 
ventricle and bulb, is carried along with the veins up behind that organ, and thus 
forms an obliquely placed thick septum, at first incomplete, but subsequently becoming 
entirely closed, which separates the heart within the pericardial part of the body 
cavity in front and above from the stonaach and alimentary canal within the peri- 
tonei part of that cavity behind and below. The thick septum, besides containing 
the saccus reuniens and the portions of the great veins (vitelline, umbilical, ducts of 
Cuvier) which open into that cavity, also contains the rudiments of a part of the 
diaphragm and the mesoblastic part of the liver, into which the hypoblastic part 
grows from the adjacent duodenum ; it has been termed by His the transverse septum 
(see figs. 177, 178). As development proceeds, the septum becomes gradually diffe- 
rentiated into its several parts. The great veins become still further shifted behind 
the heart, and the saccus reuniens becomes incorporated with that oi^an. The 
liver, which is at first contained entirely within the septum, becomes split off from 
its upper layer, which now forms the thin portion of the diaphragm, while the cavity 
of the peritoneum extends from either side, and separates them from one another, 
except along the attachment of the broad ligaments. 

The diaphragm is completed by a growth of mesoblast which occurs on each 
side, and cuts off the anterio-dorsal portions of the body-cavity into which 
the lungs are invaginated (recessus pulmonales) from the posterior or peritoneal 
part. 

The serous membranes are formed by differentiation of the lining mesoblast of 
the coelom. 

The formation of the omenta, and the changes which the mesenteric folds of 
peritoneum undergo, have been already mentioned in connection with the develop- 
ment of the abdominal viscera. 

DeTelopment of the muscles. — The muscles of the trunk are formed from 
the protovertebrsB. These are at first, as previously described, separate masses of 
mesoblast, the cells of which have at the periphery of the mass a tendency to a 
radial disposition (fig. 189, A), whilst toward the centre they are loosely arranged, 

> The manner in which the pleurae are invaginated by the growing lungs has already been allnded to 
(p. 110). 
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and may even leave a more or less distinct space unoccupied hy cells (protorertebral 
cavity). This cavity has occasionally been noticed (Lockwoo3, Bonnet) to be 
continuous laterally with the mesoblastic (ccelomic) cleavage (fi^- 1^9, B ; see also 



A. BhoiTE the cavity withia the prota- 
vcrlebne. In ii, the ]irotovertebr» on 
the left Hide of the eectian ia united with 
the lateral menoblast ; an the right side its 
cavit; also is continuous with the aslomic 
cleft in that meioblaflt. am, amnion ; 
n.e, nennl canal ; p.v, prolovertebra ; 
oo, noria ; p.p, pleuro-pcritoneal uptce 
(ctBlom). 

fig. ]3S, p. 117), and it is 
probably the morphological equi- 
B valent of the coelora in thie part 

of the mesoblast. Wiether there 
be originally a cavity or not in it, 
the protovertebra presently be- 
comes filled up with cells and 
then forms a fairly compact mass 
of cells which are mostly irregu- 
larly arranged, bnt externally 
(next to the cutaneous epiblaEt) 
become regularly disposed into 
an epithelium-like plat« of co- 
lumnar cells. This is known as 
the muscle plate, and when the 
inner part of the protovertebra becomes broken np as a distinct mass and joins 
with the neighbouring protovertebne to form the membranous vertebral column 
(see below), the muscle plates still remain distinct : in them therefore the original 

Fig. 190.— TBABg^-KHSE BICTIOS 



mesoblastic segmentation 

continues to be exhibited. 
They do not long remain 
as a single epitbeliam-like 
layer, for the extremities 
of this layer fold sharply 
round and become continu- 
ous with a cell-stratum, 
which immediately lines the interna, surface of the columnar layer and forms an 
inner musde-pJaU (fig. laO). It is uncertain whether the cells of this inner muscle- 
plate are derived from part of the columnar layer which has folded over, or whether 
they spring from other cells of the protovertebra. Soon after their appearance as a 
distinct layer of the muscle-plate they begin to elongate in the sagittal (antero- 
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poBterior) direction (fig. 191, i.m.), and it maj presentlj be obeerved that they are 
becoming developed into longitadinal groaps or segments of mnscle-tibi'os which 
fltretch between the original intervals between the protovertebne. The destination 
of the outer layer of the muBcle-pIate has not been traced with certainty. Balfour 

Fig. 191, — HoaiZONTAL LOBaiTUDINUi 



(v. Ebner.) 
tp, cutaneoas epiblaat ; e.m, tuter- 
stl lajer of miucle-plute : /, ita mar- 
gins faliled round into i.m, intL-mal 
layer of muscle'pliite composeil of 
SatteDBil cells vtiicfa are becoming 
elon^Md into muscular fibres; n.c, 
BBOrKl canal, in outline only ; n'.c', 
neural cpibUat forming its walls. 
Between thew and the muscle-plate 
is a continuous mcaoblaatic tjssue 

vhlch has been derired from the inner parts of the jirotoTortebnE, partlj interrupted bj the ganglion 
Tudiments, ffl. The original intervals between the protovertebne here are still indicated by vesaels, v. 
i.tl, cleft in the deeper protover1«bral tissue (acconling to Ebnei this is the remains of the origituU 
ptotovertebial caritj). 

described it as also eventually becoming transformed into muscle-fibres (in elasmo 
branchs), but others have foiled to confirm this opinion, and it ia by some believed 
that it may assist in the formation of the cntia vera. 

Although the muscle-plates ai-e originally mainly coucemed with the fonnatirai 
of the muscles which move the central skeletal axis, it is probable that all thfl 
skeletal muscles both of the trunk and limbs are eventually derived from them (see 
below, p. 163). 

Pormatioii of tha mnaelea of the hekd and erldenoen of head Begmeiitatloii,— 

Althongb perhaps no part ot the cranium actnallf representB a venebrtt, there is neverthelesB 
abundant evidencs of an original se^mentatioQ of the head corresponding' with the mesoblastio 
somites of the trunk. Sach segmentation is shown by the oiiatence ot the Tiscersl arches, 
which in the typical and least modified vertebrates (c.^., elasmobrancbs) are at least nine 
in number, by the successive separation of the part of the body cavity which eitends into 
the head into separate portions, or head cavities, one corresponding' to each visceral arch, the 
parietes of which develop into muscles, and which therefore correspond -with the inngcle- 
plat«s of the protovertebne of the trunk (this is in fact the typical mode of formation of 
mesoblastic somites, v. page £6), and lastly by the mode of development of the cranial 
nerves and their relations to the visceral and branchial orchea, which correspond in a general 
way with the relations of the ventral branches of the spinal nerves to the ribs. 

The formation and destination of the head cavities have been investiKated of late yean 
(chiefly in elaamobraachs, but also in reptiles and birds) by Balfour, Hilnes Marshall, and 
van Wijhe, and the result of these investigations tends to show tbat, in all, nine portions of 
the original head cavity become separated oS on either side, their formation proceeding from 
behind forwards. Each somite cavity becomes enbseqnently divided into a dorsal port corre- 
sponding with the protovertebrK of the trunk and a venti'al part, corresponding with the 
pleuroperitoneal cavity, and lying In the middle of the corresponding viscsml arch ('). Both 
parts give rise by differentiation of their parietes to moscleij ; the visceral ajch portions to 
the muscles of the jaw and hyoidean and branchial apparatus ; the dorsal portions, some (first, 
second, and third) to the muscles tvhich move the eyes, some (seventh, eighth, and ninth) to 
the musclefl which connect the head with the shotUder girdle, whilst isome, vie, the fourth, 
fifth, and sixth, ore said to disappear. The first head cavity forms the eye muscles, which ar^ 
supplied by the third nerve; the second, the muscle supplied by the fourth (superior obliqne); 
and the third, the muscle Bupplied by the sixth (eifenial rectus). In higher vertebrates, the 
formation of the head cavities and their subsequent destination have not been as yet clearly 
followed ont, although indications of their existence are not wanting'. 

' According to v. Vijhe the intermediate part of the typical somite cavity represents a segmental 
(arlniferoua) organ, but this intermediate part is not seen in lie head, although it begins to aiipear in 
Ilie im mediately succeeding somites. 
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Development of the Tertebral oolnnin.— The vertebral eolnmn is developed 
around the notochord, except at the anterior end of that structure, which is imbedded 
in the basis cranii. It is formed from protovertebral mesoblast. The outer part of 
each protovertebra is transformed into a muscle-plate, and thus the original meso- 
blastic segmeutation is maintained. The inner parts of the protovertebras do not, 
however, remain distinct, but blend with one another on each side of the neura) 
canal to form a longitudinal mass, which extends to the side of and subsequently 
encloses the notochord, and finally sends dorsal prolongations over the neural canal, 
so that this also receives a continuous mesoblastic investment, forming the numbrana 
reuniens superior of Remak. The investment is only incomplete opposite the points 
where the nerve roots are connected with the spinal cord, and in it there is no sign 
of any diflFerentiation into vcrtebrre. It is continuous with a similar investment 
within the cranium, which extends in front of the notochord into the fronto-nasal 
process. The mass of mesoblast, which thus encloses the notochord and neural 
canal, is often spoken of as the membranous vertebral column and cranium, but it 
represents much more than the cartilaginous and bony structures of those parts, all 
the investing membranes of the cord and brain and the ligaments of the vertebrse 
being also derived from it. From it septa pass between the muscle-plates and serve 
to give attachment to the developing muscle-fibres. 

The first appearance of the permanent vertebras is in the form of cartilage, which 
becomes formed in this mesoblastic investment on either side of the neural canal, 
nearly opposite the interval between each two muscle-plates, to form the neural 
arch. This part of the vertebra therefore alternates with the original mesoblastic 
somites as represented by the muscle-plates. 

According to Froriep, the lateral halves of each cartilaginous neural arch become 
united below the notochord before the appearance of the rudiments of the cartilagi- 
nous bodies, and the latter appear as median accumulations of cartilage, immediately 
posterior to the hypochordal part of the cartilaginous arch. In most of the vertebne 
this hypochordal part of the arch soon disappears as a distinct structure, but in the 
atlas vertebra the primitive condition is maintained. 

The serial arrangement of the musculature represents phylogenetically the original 
segmentation of the vertebrate body. The segmentation of the vertebral column, 
on the other hand, has been arrived at later, and has been carried out in depen- 
dence upon the muscular segmentation.^ 

The cartilage makes its appearance on the fourth day in the chick, on the 
eleventh or twelfth day in the rabbit, and in the fourth or fifth week in man 
(EoUiker). It is completed by the sixth or seventh week, soon after which ossifica* 
tion commences. To form the intervertebral discs, the mesoblast between the 
bodies of the vertebrsB acquires a fibro-cartilaginous character, while at the same 
time the notochord, which gradually elsewhere becomes reduced in size and eventu- 
ally disappears, here undergoes enlargement, and its cells form an irregular network 
in the central intervertebral pulp. Its remains are found at all periods of life in 
the middle of the discs (Luschka). 

In the osseous fishes there is an intervertebral dilatation of the notochord, the g^rowth of 
which proceeds to such a considerable extent as to give rise to a mass of soft gelatinous 
substance, which occupies the conical hollows of the biconcave vertebral bodies. But in 
birds, reptiles, and amphibia, where synovial articulations are developed between the vertebral 
bodies, the notochord soon disappears from the intervertebral spaces, although its remains are 
seen for some time in the bodies themselves (Gegenbaur). 

In mammals, the notochord is constricted within the cartUaginous vertebral body, but 
dilated in the intermediate parts of this rod, the whole cord being monilif orm. At a somewhat 
later period small dilatations are also to be seen in the epiphysial cartilages (fig. 193). 

1 A. Froriep, ^'Zar Sotwickl. der Wirbelsanle, &c.," Archiv f. Anatomie, 1883 and 1886. 
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Si1» and St«Tiiiim. — The ribs are formed by separate cartilaginous tranefor- 
mation ia extensions of the protovertebral mesoblast between the mnscle-platea, 
According to some, they grow out from the cartilaginous vertebne, but become separate 
before ossification begins. Similar deposits are formed in connexion with the other 
vertebrsB (except the coccygeal in man), but they here become united by ossification 
with and form parts of the vertebite (see O:^cclogy, Vol. II.). At their ventral 




Fig. 192. — SlOTIONS Of THI VIETIBRIL COLUm OF 1 HDMAH rSTlIS Ot KIOBT TEIU. 

(FromKstliker.) 

A, truuTCTse longitndiiitU section oE Krerel TerMbrie. 1, T, chorda donalis, iU remkini thicker 
apposite the iaUrrertebnd discs ; '2, ia pliiceil on one oE the bodies of the peimauent Teitebns ; 3, on 
one of the intervertebral discs. 

B, tninsverae barisantal section through a part of one dorsal vertebra. 1, remains of the chorda 
dorsalis in the middle of the bod; ; 2, arch of the vercebrii ; 3, head oE a rib. 

Fig. 193.— Sagittal annzoii or a dok3al imtesvehtebral LioAXEDt of am advanced 
8BEEr'9 KMBBTO. (Kolliker.) 
l.a, l.p, anterior and posterior ligaments ; ^i, intervertebral ligament ; t, y. cartitaginona ends of 
two vertebral bodies, tc, v^ : e, enlargemeui of uatochard in the ligauicut ; c', c', enlargements ir the 
cartilaginons ends of the rertebrv. 

extremities the first seven (thoracic) cartilaginoas ribs become tmited on either side 
into a longitudinal cartilaginous plate, and this aftenrards joins its fellcw of the 
opposite side to form the sternum (mannbriniQ and body). The xiphoid is of later 
formation (Parker). This mode of development of the sternum explains many of 
the malformations in the shape of fisanrea of the sternum of diflerent gradation 
which have been observed. 

Tha Idmba. — The limbs arise as onCgrowtbs from the lateral part of the 
trunk in the thoracic and pelvic regions ia the third day in the chick and in the 
third and fonrth week in the human embryo. They appear as flattened semilunar 
thickenings of the parietal mesoblast covered by epiblast, budding out from a lateral 
ridge which is seen in the early embryo near the line of cleavage of the mesoblast 
and close to the outer margins of the muscle-plates, and several of which subsequeutlj 
send prolongations into each limb (') ; they are therefore cunnected with several 
jnesoblastic somites, as is also indicated by their nerve supply. 

(see fig. 19J, from Balfoar), but, according to FatatMn, 
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Each limb consiBts of a part which is sunk Id the enhstance of the lateral ridge, 
and in which the thoracic or pelvic girdle becomes developed, and of a free or 



Fig. 194.— TlUHSTBBBB SECTION TDROTTaH XS Umm-->R TiKT O? TBK TRUKE OF AN EHBBTO OF 

SCVU.IU1I. (lialfour.f 

tp.e, epinal cord ; if.% ganglion of posterior root : ar, snterioi root ; dn, donal ; ip.n, ventral 
branch of ajiiniil nerve ; mp, muscle plate ; mp', purl of muBcle plate already converted into muscle ; 
mp,l, part of muscle plate extending into Iha limb ; ni, nerrus lateralis ; ao, aorta ; cA, notochan] ; 
tf'^t sympathetic ganglion ; ca.v, cardinal rein ; ni, segmental duct ; It, seginenbil tube ; du, duodc' 
Bnm ; Ap.d, junction of hepatic duct nicfa it; pari, rudiment of pancreas connected with aoother part 
of dnodenum ; miic, opening ot umbilical canal (Titelline dnot). 

projecting part (fig. 1!)5). This is at Urst qnitc simple, and represents the distal 
segment of the limb (hand or foot). The other ttro segments (forearm and leg ; 
arm and thigh) are successively marked off between it and the girdle by the 
development of transverse furrows representing the joints (fifth and sisth w*k), 
At about the same time four notches appear in the flattened distal extremity, 
marking off the intervals between the fingere and toes, and the middle segment 
(fore-arm or leg) begins to be flexed upon the proximal (arm or thigh), the 
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concavity looking fonrarda in the upper limb and backwards in the lower limb. 

The limbs also come to be folded ventrally against the body of the embryo. 

From the manner in which the flattened limb-bud growa oot from the lateral 
ridge, it is obvions that its snrlaces must at first be dorsal and ventral. The 
dorsal surface afterwards becomes extensor and the ventral flexor. The anterior 
edge is respectively the radial and tibial ; the posterior, the ulnar and fibular. As 

Fif. 1S5.— OCTLIBEB OF T 



a. (Afler 
Bis.) 
J, at four ve«kB ; S, at five weeks ; C, at sereii neeks ; 
J), >t nine or ten weeks. 

development proceeds, a half rotation occnra in 
opposite directions in the two limbs, resulting 
in the middle Sexure (elbow, knee) being directed 
fom'ards in the upper, backwards in the lower 
limb. 

The bones of the limba are laid down as 
cartilages which appear as separate differentia- 
tions of the more centrally placed mesoblaGt, 

a portion of mesoblast remaining for a time undifferentiated opposite eacQ synovial 
articulation. Within this a clefl subsequently appears, and enlarges to form the 
synovial cavity, the mesoblast which bounds the cleft developing eventually into 
the synovial membrane and capsular ligaments of the joint. 

Th« cranium. — In the head the notochord extends as far forwards as the 
mid-brain. Here also it is invested by a continuous mass of mesoblast, which sends 
lateral prolongations over the neural canal as in the trunk (membrana renniens). 




B CARTiuotKDCa caurivii. (Wieiteisheini.) 

n at pitniUr; body ; 



Fig. ISe.— DUQBAMS 

A, Firet stage, 
luii ; P.ek, psiacliordsl cartilages ; F, ei 
il and aoditorj organs. 

B, Second stage. 

B, basilar cartilage (iDvesting mass of Rathke) ; S, nasal septam and ethmoidiil cartilage ; Elh, 
Eth', prolongations of ethmoidsJ arouDd olEactor; °Wto, completing the nasal capsnle ; (A, fonmina 
for passage of olfactory narra-Gbres ; N, E, 0, Ch, fr, as before. 

The main difierence in development between the cranium and vert«bral ooltmin 
consists in the fact that no separate oartUagioons deposits to form vertebne occur 
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within the head, nor can any parte be diBlingniBhed which strictly represent vertebne. 
The cartilage of the baais cranii makes its appearance in the form of two longitudin^ 
bare iyits on either Bide of the notocbord (parachordal cartilages), and of two other 
bare (trabecular cranii of Rathke) which embrace the pituitary body, and which 
becomo united toother in front and with the parachordala behind to form a con- 
tinnoas mass, which posteriorly completely invests the notophord (fig. 19G). The 
cartil^inoos basis cranii may therefore be distiDguisbed into the parachordal aad 
prechordal parts. Of these the firet repreaente the basi-occipital and basi-spbcnoid, 
the second the presphenoid and ethmoid portions. From the baeia cranii continaous 
cartilaginous plates grow on either eide over the cerebral vesicles to a gi-eater or 
lesE extent in different animals, least in manuoRls, where only the occipital region 
becomes thus roofed in by cartilage. Anteriorly the united trabecule cranii stretch 
forwards into the fronto-ntiaal process, where they form the ethmoid cartilage and 
nasal septnm, besides enclosing the nasal pits externally (cartilaginous nasal capsule). 
From the sides of the presphenoid portion the orbito-sphenoids (lesser wings), 
containing the optic foramina, are developed, and from the sides of the basi-sphenoid. 

Fig. 1S7.— VtBW FBOa BELOW Ot ■. 



FtKina oir iBODi fofb jioKTHa, {AfWr Hmlpy.) 
Ths cartilage U dotted to dUtingaisli it from the bone 

which ia ebeded vith lines. 

h.o, basi-occipitBl ; a.o, l&tcnl occipitiilg ; f.m, foruneu 

magnum ; o.c, a'.c', bonj depoaite in the periotic capaule ; 

p.t, pDst.Bpheooid ; pr.t, pre-sphenojd ] o.t, orbito-aphe- 

noid ; a.n, septum nun. 

the greater wings or alisphenoids. A cartilagi- 
nooB capsule, connected with the parachordal 
portion of the basis cranii, invests the otic vesicle 
(jwiotie capsule). Within this, bony centres are 
eventually formed, which unite to form the 
petro-mastoid. In the human embryo, chondri- 
fication begins in the fourth or fifth week in 
the basilar portion of the skull, and is nearly completed by the eighth 
week. 

Formatioii of tiks vimevrol ikoletou of the liead : caztUoginoiui baza of 
tli« visoftral arches. — A cartil^none bar extends from the periotic capsule and 
basis cranii, within each of the firet three visceral arches, and passes fonvards to 
meet its fellow in the middle line. The bar of the mandibular arch is known as 
MeckeVs carlilage. It is visible in all sections of the foetal jaw up to the seventh 
montb. Its proximal end ia attached at first to the basis cranii, afterwards to the 
periotic capsule; its distal end joins that of its fellow in the middle line of the 
lower jaw. Only near this conjoined part does Meckel's cartilage take part in the 
formation of the lower jaw bone, the greater part of this bone being developed by 
ossification at several places in the connective tissue around the cartilage. In some 
animals a short cartilaginous bar is formed in the maxillary process {palato-pterygoid 
bar, fig. 198, A,ppff). Close to it the palatine and pterygoid bones are formed in 
membrane, bnt the bar itself entirely disappears. The second or hi/oid bar arisea 
fl'om the skull close behind the attachment of Meckel's cartilage, and passes along 
the second arch. It disappears in part, bnt in part is converted into the styloid 
process, stylo-hyoid ligament, and lesser comn of the hyoid bone. The body of the 
hyoid bone (basi-hyal) is an intermediate formation between the second and third 
arches. The bar of the third arch is known as the thyro-hyoid. Its lower end forms 
the greater comu of the hyoid bone ; bnt its attachment to the skuU early dissp- 
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Fig. 198, A.— BLnans of tbs skfli of as bkbrto pio, I-otdh lobq, tibwbd frou miow : 

alalDlAQRAimiTlc. (From Balfour after Farker.} 

pa.ch, ptuachord&ls ; no, notijcliord ; aa, otic capunla ; pi/, pituitary ; tr, trabeculfe ; e.tr, coma 

Ot the trabeoala ; pn, prHuaml cartilage ; e.n, eitemal iikr«B ; ol, olfactory region ; p.pg, p«Iato- 

pt«rnoid bar enclosed in the maiillo-pterjgoid procesi ; nvn, mandibular bar ; ky, bjoidean bar ; th.h, 

ibjrnibjoid bat; Tn, apertnro for facial nerve ; So, for gloBsophaiTngeal ; S(, foTTuigiiB ; 9, for hypogloaaal. 

nr HHOTH. (From Balfoor, after Parker.) 
tg, tongne ; nk, Meckel's cartilage ; ml, body of malleni ; mb, its manubrium or tumdle ; t.ty, 
tegmen tympaoi ; i, iocoa ; it, Et&pea ; t.Ay, inter-hyal ligament ; it.h, atyto-byal cartilage ; k.lt, 
bypohjal ; M basibranchi&l ; A. A, rudiment of fint bnnebial arch ; 7ii, fiicial nerve. 

pears, or in some animals may not 
be fonnd at all. This bar is in 
all cases of less importance than 
the first two, irom the proximal 
parts of which important etrac.- 
tures connected in lower verte- 
brates with the suBpensorj appa- 
ratus of the lower jaw, in tto 
higher vertebrates with the sp- 
paratus for Eound transmission 
to the internal ear are developed. 
TemuMon of the ftstUtorr 
t»aiol0i. — If the embryonic de- 
velopment of the bara is studied 
in man and other mammals, it is 
fonnd that at a certain period of 
foetal life Meckel's cartilage is 
directly continuons with the car- 
tilaginous malleus, above which, 
and at first in direct continuity 
with it, is the cartilaginous incus 
(fig. 199); these two ossicles 
therefore appear as the enlarged 
and modified proximal end of 
Meckel's cartilage. Somewhat 
later the incns becomes detached 
from the mallena, but the latter 
long remains in continnity with 
Meckel's cartilage (fig. 200). 
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The most obvious interpretation of these appeiunncea woald seem to be that both the 
mnlleaB and incuB are developed from the cartilsfrinous bar of the first oi mandibnlaj' aroh. 
This view is not, however, oniveraally held. For, b8 the several illnstrationa show, the seoond 
or hyoid bar is also connected to the developing incus, throa^li which it is joined to the periotio 
capsule. Hence it haa been inferred by some that the incus balongs to the hyoid bar, and not 
to the mandibular (A. Fraser). Other* have looked apon it as representing a hyomandibniar 
cartilage, like that which in Sauropaida forma a common Buapensory apparatus for both 
mandibular nnd hyoideon (q)paratae (Huxley). Thia hfomandibala itself, however, may repre- 

Fig, 200, — CoMniTioB OF Mkckbl's ca»- 

BDHIN r^ETDS OF ABOUT IS VltU. 

(KsilJker.) 
B, is an enlarged eketch by Allen 
Thomson, Bhowing the relationship of 
the seieral parts better than in A. 

X, E.vgamatlc an^h ; tnn, mastoid pro- 
eeiB ; mi, porliona of the lower jaw left 
in sita, the rest having been out away ; 
St, Meckel's cartilage of the right tide, 
continued at i, the bymphjsis, into that 
of the left side 31'. of which only a ■mall 
part is shown ; T, tympanic ring ; m, 
malleus ; i, incuH ; a, stapes ; tCo, stape- 
dius ; It, styloid process ', Pt K S< stylo- 
pharyngeua, stjlohyoiiJ, and stytoglusini 
mnsclee; lU. stylohyoid ligament attached 
to the lesser coniuof the bjoid bone, Ay [ 
(A, thyroid cartila^. 

sent an upward prolong'ation of 
Meckel's cartilage, and would then 
belong to the let visceral arch 
(Peteia). Lastly, yet another sola- 
tion of the question has been offered, 
viz., that both incus and malleus are 
hyomandibulac (Albrecht, Godow), 

The laKt mentioned opinion is baaed 
mainly apon considerations of com- 
parative anatomy, which can hardly 
s be left out of account in dealing with 

the morpholo]::y of these stmcttire*. 
In lower Vertebrata the suspensory 
apparatus of the lower jawcompriao» 
besides the hyomandibula, common 
to it and to the hyoid apparatus, a 
la^a bone, known as the quadrate, 
by means of which, either directly or 
with the intercalation of an ob srti- 
onlare, the lower jaw is united with 
the basis cmnii and periotic capsal& 
BeicherC looked upon the incns aa the 
homologue of the quadrate, and the malleua as that of the as articulare ; and ttie same view 
was taken by Gejjenbaur. Huiley, on the other hand, came to the concluHion that the 
homoloRuo of the quadrate bone of reptiles and birds is to be found in the malleua, and that 
the incus represents a portion of the hyomandibular bar, which, as above stated, is common to 
both first and second arches. Various other observers have concluded that the quadrate of 
lower vertebrates is represented in mammals by the lygomatio process of the squamoeal. 
Gadow, however, looks upon it as represented by the tympanic ring of mammals. 

The stapes has beeo variously described as representing: 1. a part of the hyoid arch 
(Reichei-t) ; 2, a part of the periotic capsule which has become detached (Parker) ; 3, in part 
or wholly, the hyomandibula of lower vertebrates (Gegenbaur. Huxley, Albrecht, Gadow) ; 
4, hyomandibula and detached periotic cartilage conjoined (Gradeniiro) ; S. as an independent 
circular deposit of cartilage around the stapedial artery ' (Salensky, Fraser). It is at any rate 
closely connected with the hyoid bar, which forms from above down the lympano-hyal and 



' This artery disappears in m 



is persistent in many mammals. 
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styloid processes, the stylo-liyoid ligament and the lesser oomua of the hyoid bone (oerato- 
hyal). 

The remaining bones of the yisceral skeleton of the head, viz., the maxillary, malar, 
palatine, pterygoid, vomer, nasal, and lachrymal, are all formed in membrane. An account of 
their development is given in the Osteology (Vol. II.). 
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Abdominal stalk, 46 
Acceasorj thyroids, 1 1 1 
Alae nasi, 96 

Albrecht on auditory ossicles, 168 
Alecithal ova (a, not, X'^Kvdos, oil-bottle), defi- 
nition, 9 

invagination of, 22 
Alimentary canal, development of, 99 
Allantoic arteries. See Umbilical. 

fluid, 46 

tube, 36 
Allantois (oAXaf, sausage, «{8or, form), formation 

o^ 43 
first appearance of, 44 

structure of, 44 

in what animals found, 45 

hypoblastic sac of, 46 

pedicle of, 46 

variation of period of development, 46 

connection, with alimentary canal, loi, n. 
with bladder, 122 
Amnion {ifiyloy, a bowl in which victim's blood 
was caught, the caul), earliest appear- 
ance of in human embryo, 46 

false, 42 

formation of, 42 

in guinea pig, 43, 46 

resulting from invagination, 24 

true, 42 
Amniota, 42 
Amphibia, liver in, 112 

Wolffian duct in, 118 

heart in, 136 
Amphioxus (^^(, double, o|^f, a point), nle- 
cithal ova of, 9 

invagination of blastodorm of, 22, 24 

origin of mesoblast in, 22, 26 

mesenchyme in, 27 

notochord in, 34 

mesoblastic somites in, 37 
Amygdalfe (AfiirySaAiy, almond), 66 
Anal membrane, the, 108 
Analogy, iufd, according to, \Syos, ratio), defi- 
nition of, 4 

examples of, 4 
Anatomy, definition of, i 

departments of, i 
Angelucci on zonule of Zinn, 87 
Annelida {atmcUut^ little ring), 2 
Anterior perforated space, 79 
Anus, formation of, 108, 128 
Aorta {iuiprh^ i^lpv, to lift), primitive, formation 
of, 38 

descending primitive, 146 

arch of, 148, 150 

bulb of, 144, 147, 148 

descending permanent, 150 
Aortic archen. See Arterial Arches 
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Aqueduct of Sylvius, 62, 67 

Archenteric cavity, primitive (ifx4, beginning, 

(trr€pw, iutestme), 26 
Archiblastic cells of His, 25 
Arteria centralis retime, 85, 87 
Arterial (aortic) arches, formation of, 38, 146 

division of aortic septum by, 144 

origin of principal arteries from, 146, 147, 
148 

destination of fourth and fifth, 150 
Arteries (^ipnjpfa, oljfw, to lift), deyelopmeiit o(, 
146 

from arterial arches, 148, 149 

from arches in birds, 150 

ascending pharyngeal, 148 

auricular, 148 

basilar, 149 

carotid, 148, 150 

common iliacs, 147 

innominate, 150 

intercostal, 149 

nter-segmental, 149 

lingual, 148 

maxillary, 148 

middle sacral, 147 

occipital, 148 

pulmonary, 148, 150 

subclavian, 150 

temporal, 148 

umbilical, 44, 146, 156 

vertebral, 149 

vitelline, 40 
Arthropoda {ifiBpop, a joint, to^s, a foot), seg- 
mental plan of, 2 

centrolecitnal ova of, 8 
Aryepiglottic folds, 103 
Arytenoid cartilages (Apuratpay a pitcher), 103 
Asoaris megalocephala, polar glooules observed 
in, 9 

fertilisation in, 11, 12 

segmentation of, 16 
Auditory pit, 89 

vesicle, 89 

nerve, 78, 89, 93 

ossicles, 167, 168 
Auricular canal, 142 
Axis, primitive skeletal, 2 



Baer, von, zona pellucida of, 6 

on bilaniination of middle layer' of blas- 
toderm, 23 
Balfour, F. M., on amnion and allantois, 45, n. 

blastodermic layers, nomenclature of, 23 

coelom, typical development of, 24 

head cavities, 161 

limbs, 163 n. 

lens-capsule, 87 
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Balfonr, F. M. — continued, 

Milllerian duct, 122, 123 

muscle plate, outer, 161 

nerves, epiblastic, origin of, 57 
spinal, anterior roots of, 74 

neural crest, 73 

oesophagus, obliteration of lumen of, 104, n> 

ova, formation of, 124 

parablast, 27, u. 

primitive groove, 23 

polar globules, theory of, 14 

supra-renals, 122 

svmpathetic system, 81 

Wolffian body, 115, n. 
duct, 118 

vitelline membrane, 8 
Bars, cartilaginous, of mandibular arch, 166, 168 

palato-pterygoid, 166 

hyoid, 166, 168 

thyro-hyoid, 166 
Bartholin, glands of, 128 
Basal layer of placental decidua, 51 

attachment of villi to, 52 
Basis cranii, 166 
Bat, placental sinuses in, ^2 
Baucnstiel (abdominal stalk), 46 
Beard on branchial sense-omns, 76 
Beneden, v., vitelline membi*ane, 8 

formation of polar globules, 9 

entrance of spermatozoon in Ascaris, 1 1 

division of nucleus in Ascaris, 12, 16 

blastodermic layers, 18 

blastopore, theory of, 23 

pro- amnion of, 35 
Bile ducts, 112 

Birdsell on sympathetic nerves, 81 
BischoflT on inversion of blastodermic layers, 23 
Bladder, urinary, 122 

Blastoderm (iSAeurrtJf, a bud, ^piMj skin), for- 
mation of, 17, 18 

three layers of, 17 

gastrula condition of, 21 
stage typical, 22 

bilaminar, 21 

layers, inversion of, 2% 

historically considered, 23, 24 

characters of layers oU 24 

table of development from layers of, 25 

four layers of, 26 

separation of embryo from, 34 
Blastodermic vesicle, definition of, 17 

growth in the cat of, 18 

mvsgination of, 22, 23, 24 

as yolk-sac, 35 

first attachment of to uterus, 53 
Blastopore {fi\surr6s, a bud, r6posy a passage), 
discussion of in meroblastic ova, 22, 23 

diverticula, near to in Sagitta, 26 

connection of anus with, 108 
Blochmann on extrusion of one polar globule by 

parthenogenetic ova, 14 
Blood, origin from panblastic cells, 21, 25 

corpuscles, 40 
Blood islands of Pander, 39 
Blood vessels, formation of, 40 
Body, segmentation of, 2 
Body-cavity. Sm Ccelom 
Bonnet on middle blastodermic layer, 2X 

on connection of notochord with buccal epi- 
blast, 68 
protovertebral cavity, 160 
Born on the lachrymal canal, 89 



Bom — contintied. 

cephalic clefts, 102, n. 

thyroid, iii 

septum spurium, 141, n. 

auricular canal, 142, 144 

ventricular septum, 142, n. 

foramen ovale, valve of, 144 

pulmonary veins, 144 
Boveri on polar globules in Ascaris, 9 
Bowman, anterior and posterior homogeneous 

lamellffi of, SS 
Brain, development of, 61 

flexures of, 63 

fissures and convolutions of, 71 
Branchial sense-organs of Beard, 76 
Bronchi, 109 
Brown, H. H., on extrusion of part of anelens 

of seminal cell, I2 
Budge on lymphatic system, 157 



C^cuM (blind), 107 

Calamus scriptorius (writing pen), 62 

Callander on 4th visceral arch, 103 

CanaUs re-uniens, 91 

Capsule of lens, 87 

whence derived, 87 
Capsule, cartilaginous nasal, 166 

periotic, 166 
Camoy on polar globules in Ascaris, 9 
Cat, blastodermic vesicle of, 18 
Cauda equina, 60 

Centra {Kttrrpoy, a point), of vertebrae, 2 
Ontrolecithal {Kirrpw, centre, Ai(««t»r, oil- 
bottle), ova in arthropods, 8 
Cerebellar peduncles, 66 
Cerebellum, 62 

formation of, 66 

amygdala of, 66 
Cerebral vesicles, 37 

table of development frcnn, 61 

fifth, or bulbar, 63 

fourth or cerebellar, 66 

third, mid-brain, 67 
second, 67 
first, 68 
Chick, pro-amnion in, 34 

rudiments of cranial nerve ganglia in, 75 
Choanae {x^avoSf a pit for melting metal in), 97, 

100 

Chonla dorsalis, 32. See Notochord. 

Chorda tympani, 79 

Chordae tendineae, 142 

Chorion [x&piov, skin), definition, 42 and n. 

junction of allantois with, 44, 46 
Choroid coat. 87, ^ 
Choroid plexuses, 62, 67, 70 
Choroidal fissure, 85 
Chromatin, filaments of, 12, 16 
Chromosomes {xp&fut, colour, vmfut, body), 12 
Ciliary body, 88 
Circulation, foetal peculiarities of, 155 

course of, 156 

changes of at birth, 157 
Cloaca, 108, 122, 123, 127 
Cochlea (xoxAfaf, a snail with a spiral shell), 
canal of, 90 

l^n^lion of, 78 

in birds, 92 

modiolus of, 93 

bone of, 93 

spiral lamina of, 93 
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Coeleuterates (koIXos, hollow, irr%pop, intestine), 

OGelom (iroiXof, hollow), layers of, 2, 23 

typical origin from invagination, 24, 26 

formation of, 36, 99 

connection of mesoblastic somites with, 37, 

160 
formation of plearee from, 1 10 
of pericardium from, 135 1 
serous cavities from, 159 
Coelom -invaginations, 22 
connection of, with notochordal invagina- 
tion, 34 
O)loboma iridis {Ko\6$tefi2, a part taken away 

in mutilation), 85 
C!olumns of cord, anterior white, first rudiment 

of, 59 
posterior white, 59, 75, 78, n. 

structura of, 60 
Commissure, anterior of conl, 60 

grey, 67 

posterior, 67 
Commissures of cerahral hemispheres, 71 
Congenital fissures of neck, 103 
Connective tissue, origin from parablastic cells, 

21, 25 
Cornea (horny), substantia propria of^ 87 

epithelium of, 87 
Cornu (horn), anterior, first rudiment of, 59 
Comu Ammoni8(from resemblance to the horns 

of the statue of Zeus-Ammon), 72 
Corpora quadrigemina (four-fold bodies), 62, 67 

striata, 62, 69, 73 
Corpus albicans (white body), 71 
Corpus callosum (the thick body), 71 

peduncle of, 79 
Corti, rods of, 93 

Coste, tliscovery of germinal vesicle by, 8, n. 
Cotyledonsof placenta (icorvAii, anything hollow), 

51 
Cowper, glands of, 128 

•Craniata, 27 

Cranium, 165 

Crura cerebri {crust leg), 62 

Crnsta (crust or rind), 67 

Cryptorchismus {Kf>6irr6s, hidden, jfpx<'f testicle), 

127 
Cunningham, D. F., on sulci of brain, 72, n. 
Cutis vera, formation of from outer muscle plate, 

161 
Cuvier, ducts of, 138, 139, 141, 151, 152, 153 

-vestiges of, 154 
Cyelostoniata (ic^KAof, a circle, frrtf/ua, mouth), 

parablastic elements in blastoderm of, 27 
heart in, 136 
Cystic duct (K^nr, the bladder), X12 



Decidua {(Icciderty to fall off), 44 
structure of, 46 
reflexa, 46 
serotina, 46 
vera, 46 

function of glands of, 47 
thickness of vera, 48 
stratum spongiosum of, 49 
stratum com pactum of, 49 
atrophy of glands of, 49 
placental, 51 
giant cells in serotina, 54 
separation of at birth, 55 



Decidual cells of Friedlander, 49 
Definition of anatomical terms, 4, 5 

mesial, 

lateral, 

frontal, 

sagittal (sagUta, an arrow), 

coraual (corona, a crown), 

dorsal (dorsum, a back), 

ventral (renter, belly), 

neural (¥9vpop, a cord), 

visceral, 

cephalic (we^oX^, head), 

caudal (Cauda, tail), 

axial, 
Deiters, sustentacular cells of, 93 
Delamination, process of in blastoderm, 21 

non-occurrence in invertebrata, 22 

Lankester on, 24 
Descemet, membrane of, 88 
Descriptive terms, 4 
Deutoplasm, 7, 8 
Diaphragm (StcC, through, ^ftdyput, a fence,) 

159 
Directive corpuscles. 9. ^S^e^ Polar Globulks. 

Discus proligems, albumen deposited on ovum 

by, 7 
Dohm on pituitary body, 68 

Ddllinger, researches of Pander under, 23 

Ductus arteriosus, 146, 150, 156 

lingnalis, no 

thyreoglossus, no 

thyroideus, no 

venosus, 1^2, 156 
Duodenal loop, 104 
Dursy on continuity of primitive with neural 

groove, 32 
Duval on epiblastic connection of blastodermic 
vesicle to uterine wall, 53 



Ear, a specialised branchial sense-organ, 76 

development of, 89 

accessory parts, 93 
Echinoderms yixl^os, urchin, 8«p^ia, skin), im- 

pre>(nation in, n, 12 
Ecker on the Sylvian fissure, 73 
Ectoderm (iKT6$, outside, 94pf»a, skin), primitive 
18, 19, 24 

invagination of, 22, 23 
Egg tubes, 124 

Eiasmobranchs (liKda-fia, lamina, fi^yxu^, gills)* 
ccelom invagination in, 22, n. 

primitive groove in, 23 

neural crest in, 73 

spinal nerves, anterior roots in, 74 

origin of ciliary ganglion in, 81 

auditory vesicle in, 93 

Rupra-pericardial bodies in, n I 

liver in, 112 

Wolffian vesicles in, 118, u. 

supra-renal capsules iu, 121 

MuUerian duct in, 122 

heart in, 136 

muscle plate, outer, in, iSi 

visceral arches in, 161 

head cavitiefi in, i6x 

limbs in, 163, n. 
Embryo, human, segmentation where most 

marked, 2 
Embryo, separation of, from blastodcnn, 34 
Embryology (ffi$pvov, a thing newly born, \6y05, 
word), definition, i 
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Embryonic area, i8 

Endocardium (IrSov, within, KopBioy heart), 136 

Endolymphatic canal, 90 

Engelmaun on placenta, 48, n. 

Enteric canal (fircpoy, intestine), 22 
groove, 36 

Entoderm {iyr6s, inside, Bfyfiaj skin), primitive, 
17. 18, 19, 24 
blastopore, relation to, 22, 23 
perforation of by primitive gi*oove, 22 

Entomeres, mass of (^rr^s, within, fj^ipos, part), 

Epencephalon (ivl, over, iyxt^SiKoSf brain), 66 
Epiblast {int, over, fi\a<rr6st germ), 21 

homology with Rauber's layer, 22, n. 

character of cells, 24 

formation of medullary folds by, 32 

formation of ganglia by, 73, 75 

sensory epiblast, 76 

formation of lens from, 83 
Epiglottis {iwl, upon, yKanris, mouth of the 

windpipe), 103 
Epiphysis cerebri {iwup^, to grow upon, cer*'- 

brumf brain), 67 
Epoophoron (iwl, upon, if6y, egg, ^pv. to carry) 

of Waldeyer, 120 
Eustachian tube, 93 

valve, 141, 155 
Ewetsky on bifurcation of lachrymal canal, 89 
External amniotic fold, 43, n. 
Eye, development of, 83 

retina. 86 

hyaloid membrane of, 87 

corneo-sclerotic coat of, 87 

choroid coat of, 87, 88 

iris of, 87, 88 

anterior chamber of, 88 
Eyelids, 89 



Fallopian tube, 7 

iimbriffi of, 1 1 

development of, 117, 124 
False amnion, 42, 43, n. 
Falx cerebri (a sickle), 70 
Fertilization, 11 

Filum terminale (terminal thread), 60 
Fiflsure of Sylvius, 72, 73 

ofKolando, 73 
Flemming on Wolffian duct, 118 
Fol on polar globules in echinoderms, 9 
Foramen caecum of Morgagni (blind opening), 102, 

no 
Foramen of Monro, 63, 68 

ovale, 144 

closure of, 155, 157 
Fore brain, 38 

Fore-gut, first formation of, 34 
Fornix (an arrh), 71 
Foster on nomenclature of the blastodermic 

layers, 23 
Eraser on inversion of blastodermic layers, 23 

auditory ossicles, 168 
Frctum Halleri (a strait or channel), 141 
Friedlander, decidual cells of, 49 

on giant cells in decidua serotina, 54 
Froriep on branchial sense-organs in mammals, 

76 

vertebral colnmn, 162 
Furcula, the (forked prop), 102, 103 



Gadow on auditory ossicles, 168 

Gall bladder, 112 

Ganglia (y4yy\toPf a swelling), posterior-root. 74 

rudiments of, in cranial nerves, 75, 76 

Gasseiian, 78, 81 

jugular, 78 

cochlese, 78 

spiral, 78 

geniculate, 78 

sympathetic, 81 

ciliary, 81 

ophthalmicus profundus of elasraobranchs, 
81 
Ganoids (7^1^09, bright, c28or, form), heart in, 136 
Gartner, duct of, 120 
Ciaskell on cranial ganglia, 77 

nuclei of cranial nerves, 77 

sympathetic ganglia, 81 
(vastrula {yaoTfiff, belly), 21 

views of formation, 22, 23 
Gegenbaur on homodynamy, 4 

Jacobson*s gland, 97 

remains of notochord, 162 

auditory ossicles, 168 
Generative organs, male, 117, 120, 125 

external, 127 

female, 124 

table of, 130 
Genital cord, 123 

ridge, 124 
Germ cell, 12 
Germinal cells, c8 
Germinal epithtdium, 117 

connection with Wolffian tubules, 120 

formation of ovary from, 124 
of testicle from, 125 
Germinal spot, 8 
Germinal vesicle, structure of, 8 
Giant cells of placenta, 54 
Gill slits, 103 
Girald^s, oi*gan of, 120 
Girdle, thoracic and pelvic, 164 
Globular processes of His, 95 
Glomeruli (jgr/omi/j, ball of thread), 119, I2Z 
Golowine on ganglion rudiments, 75 

special sense-organ rudiments, 76 
Gcitto on Wolffian duct, 118 
Graaf, de, on pineal eye, 68 
Graafian follicle, 6 

union of cells of, with ovum. 7 

changes prior to escape of ovum, 9 

formation of, 124, 125 
Gradenigo on the sta]ies, 168 
Gruber on a case of venous abnormality, 155 
Gubernaculum testis (a helm), 126 

changes of in descent of testicle, 127 
Guinea-pig, formation of amnion in, 43 

allantois in, 46 
Gyrus subcallosus of Znckerkandl, 81 



Hadben, on origin of segmental duct, 118 
Haeckel, on gastrula stage and gastnilisation^ 

22, 23, 24 
Haller, vasa aberrantia of, 120 
Hare lip, 97 

Hassal, concentric corpuscles of, 112 
Head, first appearance of, 34 

muscles of, 161 

evidences of segmentation of, 161 

skeleton of, 166 

visceral skeleton of, 166 
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Heape, on blastodeimic layers in the mole, i8 

radimentary blastopore in the mole, 22 
Heart, formation of, 38, 136 

beginning of beat, 39 

endothelial tube of, 134 

folding and division of, 137, 141, 142 

saccus reunions, 139 

septum spurium of, 141 

vaives of, 141, 142 

f return Halleri of, 141 

septum inferius of, 141 

auricular canal of, 142 

septum iutennedium of, 142 

chordtt^ teudineie of, 142 

foramen ovale of, 144 

limbus Vieuasenii of, 144 

muscle of, 145 

columns Cdrnese of, 146 

foetal, peculiaiities of, 146 
Hedgehog, placental sinuses in, 52, n< 

epiblostic attachment to utenis in, 53 
Henle, loops of, 122 
Hensen, canalis re-uniens of, 91 

on Wolffian duct, 118 
heart, bilateral, 134 
Hermaphroditism ('EpM^s, ' A^poStn}, a male and 

female god), 12 
Hertwig, 0. and R., on jiolar globules iu 
echinoderms, 9 

cnelom-invaginations of, 22 

cojlom, typical development of, 24 

mesodermic layers of, 26, 27, n. 

mesenchyme of, 26 
Hind brain, 38 
Hind gut, formation of, 36 

connection with allantois, 46 

with Wolffian duct, 118 
His, W., abdominal stalk of, 46 

on accessory thyroid bodies, 1 10 

allantois, loi, n. 

arterial arches, 147 

ascending roots in medulla, 66 

auricular canal, 142 

axis cylinders, growth of, 75 

blood-vessels, 151 

Bi*oca's area, 79 

cephalic clefts, 102, n. 

endothelial tube of heart, 136 

on epiblastic origin of ganglia and pof^terior 
roots, 57 

germinal cells of, 58 

on geniculate ganglion, 79 

globular processes of, 95 

on heart, bilateral, 134 

isthmus of, 67 

on laminpe of cord, 60 

lens capsule, 87 

mechanical theory of development, 24 

mesoblast, origin of in part from thickened 
rim of blastoderm, 23 

nerve fibres, somatic and splanchnic, 77 

•olfactory epiblast, 98 

nerve fibres, origin of, 77, 81 

parablast, theory of, 25, 26 

on pinna, 95 

porta vestibuli of, 156 

on pulmonary veins, 144 

researches of, 6, n. 

aaccus reunions of, 139 . 

septum atriorum, 144 
inferius of, 141 
between stomoilreum and fore-gut, 99 



His — eimtinurd. 

septum, transverse of, 159 

sinus arcuatus, 102 

on spinal nerves, roots of^ 74 

spongioblasts of, 58 

sulcus terminalis, 102 

thyroid, no 

on tuberculum impar, 102 

visceral arches, 102 
Histology (iVrrfr, a web ; Kdyos, word), defini- 
tion, I 
Hofmann, gastmlation in elasmobranchs, 22, n. 
Holoblaslic ova (5Aos, whole ; fi\a$r6s, a germ), 
detinition of, 8 

invagination of, 22 
Homodynamy {6fi6sy the same ; H^yofus, power), 4 
Homogeny {SfiiiSf the same ; y4yoSf descent), 4 
Homology (^fi^s, the same ; ^Jyos^ word),definition 
of, 4 

serial homology, 4 

examples of, 4 
Hubrecht, on epiblastic connection of blasto- 
dermic vesicle with uterus, 53 
Huxley, on two layerM of ciplenterates, 23 

auditor}' ossicles, 168 
Hymen, the (the god of marriage), 128 
Hyoid, the (T •78oj, the form of the Greek letter 

T), 166, 169 
Hypoblast (6*4, under ; fi\aff76s, geim), 21 

chaitieters of cells of, 24 

formation of notochord from, 32 

allantois from, 44, 46 
Hypophysis cerebri (^ro^)^, to grow from below), 

68, 100. J ml see Pituitary Body. 
Hypospadias {iir6, under ; airduf to tear), 129 



1mi'R>x;natiox, ii 
Incisor foramen, 97 
lucus (an anvil), 167, 168 
Infundibulum, the (a funnel), 61, 67, 68 

of lung, no 
Intermediate cell mass, the foi*mation of 
Wolffian duct from, 115 

of po.rmanent kidney from, 122 
Intermaxillary process, 95 
Intervertebral disc, 162 
Intervillous s])ace, 51 

question of l)lood in, 53 
Intestines, 104 

large, 106 
Invagination in holoblastic ova, 22 

aperture of, 22 

resemblance to blastopore, 22 
Inversion of blastodermic layers, 23 
Iris, 86, 87, 88 

Ischikawa on segmentation of o\nim before fer- 
tilization, 14 
Island of Keil, 70, 73 
Isthmus fsucium, 100 
of His, 67 



Jacobsos H organ, 95, 97 



KARYOKIXE8I8 {Kdfnfoy, a kernel ; Klyriva, move- 
ment) of germinal cells, 58 

KaiToplasm (ic^lpvoy, a kernel ; vA^/ta, a mould) 
of germinal vesicle, 8 

Kessler, on lens capsule, 87 

substantia propria of cornea, 87,. n. 



VI 



INDEX OF PAKT I. 



Kidney, head or fore, 115, X17 

mid, 116 

hind or permaDent, 117, 122 
KoUiker on Kauber's layer, 18 

intermediate layer of bla&todei'm, 20 

placenta, 53 

lens capsule, 87 

the anterior chamber, 88 

cephalic clefts, 102, n. 

air cells of lung, 1 10 

thymus, iii 

heart, 134 

endothelial tube of heart, 136 

mcsocardium laterale of, 136 

cartilage of vertebrre, 162 
Kollmann, parablastic theory of His, adherence 

to, 26 
Kowalevsky, researches on Sagitta and Amphi- 

0X118, 24, 26 
Kundrat on placenta, 48, n. 
Kupffer, gastrulation, view of, 22 

His' parablastic theory, adherence to, 26 



Labia majora (greater lips), 128 
Labyrinth, the^ the recess of, 90 

perilymphatic spaces of, 93 
Lachr}'mal canals and ducts, 89, 97 
fissure, 89 
gland, 89 
Lamina; of cord, alar, basal (dorso-latcral) 

(ventro-lateral), 60, 63, 65, 66, 77 
Lfuighans on placental sinuses, 53 
Lankester, on homogeny, 4 

•blastopore, 22 

primaiy layers of blastoderm produced by 
delamination, 24 
Larynx, no 

Lemurs (lemur, ghost), nasal gland in, 98 
Lens, 83, 86 

vesicle of, 87 

transitional zone of, 87 

capsule of, 87 
Leopold on placenta, 48, n. 

giant cells in decidua serotina, 54 
Leydig on special sense or^ns of gill clefts, 76 
Lieberkiihn on blastodermic layers in mole, 18 

on lens capsule, 87 

zonule of Zinn, 87 
Ligamentum arteriosum, 150 
Limbs, 4, 163 

segments of, 164 

rotation of, 165 

bones of, 165 
Limbus (a band) Vieussenii, 144, 157 
Literature, recent, of the ovum, 14 

blastoderm, 27 

embryo, fonnation of, 41 

general subject of embryonic furmation and 
development, 41 

decidua, 55 

nervous system, development of, 81 

sense organs, 98 

alimentary canal and glands, lungs, 113 

urinary and generative organs, 132 

blood system, 158 

serous cavities, muscles and skeleton, 169 
Liver, 106, 112 

weight of, 113 

formation of veins of, 151, 152 
Lock wood, on protovertebral cavity, 160 



I 



Lungs, development of, 109 
Luschka, on urachus, 122 

notochord, remains of, 162 
Lymphatic system, 157 



Mack AY on arterial arches of the bird, 150 
Macula germinativa (germinal spot), 8 
Malleus (a hammer), 167, 168 
Malpighian corpuscles of spleen, 108 

of WolflBan bodjr, 120 

of permanent kidney, 122 
Marshal], vestigial fold of, 154 

Milnes, on head cavities, 161 
Martin on Wolffian duct, 118 
Masius on epiblastic connection of blastodemiic 

vesicle with uterus, 53 
Mechanical theory of development, 24 
Meckel, J. F., 23 
Meckel's cartilage, 166, 167, 168 
Medulla oblongata, 62 

formation of, 63 
Medullary folds, fonnation of, 30, 32 

groove. See Neural groovr. 
Membrana Timitaus of retina, externa, 86 

interna, 83, 86 

nictitans, 89 

reunions, superior of Remak, 32, 162, 165 

tectoria, 93 

tympani, 93 
Membranes of coixl, development of, 60 
Meroblastic ova {/jJpot, a pait, /SAxurr^s, a germ), 
definition of, 8 

Ststrular stage in, 22 
aeckel, view concerning blastopore in, 23 
mesenchyme in, 27 
Mesenchyme (iiia-ot, middle, x^M-^^f j^ii^ce), 26, 

27 
Mesencephalon (jitaos, middle, ^ict^oXas, brain, 

67 

connection with optic stalks, 85 
Mesentery, the {/utroSf middle, Htntpow, intestine), 

104, 107 
Mesoblast, formation of, 20, 21 

origin, varieties of, 22 

His' view of origin, 23 

character of cells, 24 

connection with mesenchyme, 26 

paraxial and lateral, 32 

cleavage of, 36 

formation of vessels in, 39 

growth of with allantois, 44 
Mesoblastic somites, 37, 159, 162 

cavity in, 37, 160 
Mesocardium, ahterius, posterius, latendis, 136 
Mesocolon (fr^Aoy, great intestine), 106 
Mesogastrium (yeurt'/ip^ belly), 106, 107 
Mcsonephros (rc^^^r, kidney), 1 16 
Mesorchium (fyx^^f testicle), 126 
Mesorectum, loiS 
Mesovarium, 126 

Metameres (^cra, following, fi^potf a i)art), 4 
Metanephros {firrd, behind, rc^p^s, kidney), 

"7 
Metazoa {fi^rd, after, (wtyj animal), 18, 26 

Metencephaloii (jirrdy behind, 4ytc4^&\.os, brain), 

63 
Meuron, de, on obliteration of human oe80pha< 
gus, 104, n. 
thymus, in 
Micropyle {fuKp6s, small, ir^A*?, opening), 11 
Mid bi'ttin, 38 
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MihalkovicR on stomodsuni in rabbit, 99 

supra-renal capsules, lao 

Mullerian ducts, 123 

ovary, 124, n. 
Minot, polar globules, theory of, 12, 14 

on placenta, 48 n. 

chorionic epithelium, bounding placental 
sinuses, 52, n. 
Mitsukuri on supra-renals, 122 
Modiolus, the (nave of a wheel), 93 
Mole, primitive ectoderm in, 18 

blastopore in, 22 
Monotremes (/ufror, siugle, r^iifia, a hole), 6 

amount of yolk of, 8 

cloaca in, 108 
Morbus cceruleus (the blue disease), 157 
Moigagni, hydatids of, 124 
Morphology .{fiop^, form, X^os, word), deter- 
mination of, 2 
Mouth, formation of, 99 

non-correspondence of primitive with per- 
manent, 100 
Mulberry mass, 16 

Miiller, £., on muscular tissue of primitive 
aorta*, 151 
Johannes, Mullerian duct named after, 

"7 

W., sense epithelium of, 86 

Mullerian duct, 117, 122, 123, 124, 127 

invaginations, 115, n. 
Mullerian tibres, 86 
Muscle plate, 160 
inner, 160 
outer, 161 
Muscles, 159 
Myelospongium {ixvt\6sf marrow, vw^yyos, 

sponge), 58 
Myotomes [tivos, a muscle, rlf/irw, I cut), 4 



Nasal processes, 95 

laminse, 95 

septum, 95 
Kaso- palatine canal, 97 
Nerves, fifth ascending, root of, 66, 78 

vagus and glosso-pharyngeal, ascending root 
of, 66, 78 

fifth sensoiy fibres of, 66, 78 
motor fibres of, 66 

sixth, seventh, 66 

third, fourth, 67 

Hpinal, formation of, 73 

roots of, 74 

axis, cylinders of, 75 

traces of ganglia in cranial, 77 

cranial, 75 

auditory, 78, 89, 93 

sympathetic, 81 

nuclei of origin of cranial, 77 

inferior laryngeal, shifting of, 149 
Nerve tibres, ongin from neuroblasts, 58, 59 

origin of somatic and splanchnic, 77 

ollactory, 81 
Nervous system, general view of development, 57 
Neural canal, 32 

parietes of, structure of, 57 

crest, 73, 75 

groove, fonaation and closure of, 30, 32 

formation of cerebral vesicles from, 37 
Neurenteric canal (vcupor, nerve, hr^pw, in- 
testine), 22 

piercing of notochord by, 32 



Neuroblasts {ywpor, nerve, /SAaor^f, germ), 58, 

59. 74, 98 
Neuroglia {y^vpoif, nerve, y\Uy glue), origin of, 

60 

Nose, a specialised branchial sense organ, 76 

formation of, 95 
Notochord {imrot, the back, X'P^* & string of 
gut), 2 

formation of, 32 

an embryonic structure, 34 

structure of, 34 

connection with buccal epiblast, 68 

formation of vertebrae round, 162 

connection with cranium, 165 
Notochordal canal, 34 
Nuck, canal of, 127 
Nuclei of origin of cranial nerves, 77 
Nucleolus of ovum, 8 
Nucleoplasm of germ and sperm cells, 12 
Nucleus (a kernel) of ovum, changes in, 6, 9 

chromatin filaments of, 12 
Nymphfe, 128 



CEsoPHAOUS {o1a'u=^4pttf to carry, ^yctr, to 

eat), 103, 104, n. 
Olfactory (ol/aciOf to smell) area, 95 

bulb, 81 

epithelium, 98 

glomeruli, 81 

pit, 95 

lobes, 62, 71 

junction of ganglionic rudiment with, 77 

formation of, 79 
Olivary tubercle, 65 
Omental sac, 106 
Omentum, great, 106, 108 

saBtro-hepa^ic, or small, 106, 113 
Omphalomeseraic vein {6ftfik6sf navel, fuaapaUr^ 

mesentery. See Vitelline Vein. 
Onodi on sympathetic nerves, 81 
Optic chiasma {xttur/ui, two lines placed cross- 
wise), 85 

cup, 83 

nerves, origin from fore-brain, 38, 67, 79 

stalks, formation of, 85 

thalamus, 62, 67 

tracts, 67, 85 

vesicles, nrimary, 61, 67, 83 
Organ, definition, i 
Organization, plan of, 2 
'* Organs of the lateral line," 76 
Os articnlare (joint bone), 168 
Otic vesicle (oJr, «iTut6s, ear, of the ear), 89 
Ovary, 6, 124, 125 

round ligament of, 126 

change of position of, 127 
Oviparous (ovum, egg, pariOf to produce) verte- 

brata, 8 
Ovum {ega)t alecithal, 9 

attachment of to uterus, 46 

centrolecithal, 8 

deutoplasm of, 7 

development, changes prior to, 6 

gastrula of, 21 

germinal vesicle of, 8 
oloblastic, 8' 
human, exception to rule of separation from. 

chorion, 46 
human, villi in earliest described, 55 
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Ovum — continued, 
fertilization of, 1 1 
mammalian, descent of, 8 
maturation of, 9 
meroblastic, 8 
permanent, 125 

polar globules, extrusion from, 9 
primordial, 124 
segmentation of, 16 
size of, 6 
strifleof, 6 
structure of, 6 
yolk of, 7 
zona pellucida or zona radiata of, 6 



Palate, the, 97 

cleft, 97 
Pancreas («ai/, all, Kpias, flesh), 108, 113 
Pander, researches on blastoderm, 23 

mechanical theory of, 24 

blood islands of, 39 
Papillary muscles, 142 
Parablastic cells {irapd, beside, fi\curr6s, germ), 

21, 25, 27 
Parachordal cartilages {vapd, beside, x^P^i 

string ; near the notochord), 166 
Parker, on formation of xiphoid, 163 

stapes, 168 
Parovarium {irapd, beside ; ovarium, ovary), 120 
Pars ciliaris retinse, 86 
Parthenogenesis {"wapBtvos, virgin ; y4yfffis, 

origin), polar globiUes in, 14 
Parturition, sejmration of membranes in, 55 
Paterson on origin of sympathetic system, 81 

limb muscles, 163, n. 
Penis, 128, 129 

Pericardium {nfpi, about ; Kapila, heart), 135, 159 
Peritoneum (ircp/, about ; Te/v«, to stretch), 159 
Perivitelline space {vitellus, yolk), 9 
Peters on hyomandibula, 168 
Petromyzon {ir4rpos, a stone : /iH'^t ^ suck ; 

lamprey), pituitary body in, 68 
Pfliiger, egg tubes of, 124 
Pharyngeal septum, 100 
Pharynx, loi 

Philtrum {^i\rpoy, loveliness), 95 
Pineal gland {pinea, a fir-cone), 61, 67 

as rudimentary eye, 6S 
Pinna, the (a feather), 95 
Pituitary body {pUuita, phlegm), 61, 67 

formation of, 6& 

in Petromyzon, 68 

connection with stomodfeum, 100 
Placenta (a cake), 44 

formation of, 49, 51 

basal layer of, 51 

subchorionic membrane of, 51 

loculi or cotyledons of, 51 

structure ot sinuses of, 52 

intervillous spaces of, 51, 53 

weight and size of, 53 

microscopical structure of, 53, 54 
Placental decidua, 51 

sinuses, structure of, 52 
Plane, median, 4 

Plasmas of Weismann, nuclear, nutritive, ger- 
minal, histogenetic, 14 
Pleurse (vAcvpc^ a rib), no, 159 
Pleuro-peritoneal cavity. See CosLpM 



Plica gubemlEitrix (guiding fold), 126 

semilunaris, 89 
Polar disc, 11 
globules, 6 

formation of, 9, 12 
where observed, 9 
of Ascaris megalocephala, 9 
of plants, 9 
Minot's theory of, 12 
Weismann's theory of, 14 
Pons (bridge), 62 

formation of, 66 
Porta vestibuli (gate of the vestibule), 156 
Prae-hyoid glands, 1 10 
Pregnancy, changes of uterus in, 48 
Primary placenttd circulation, 53 
Primitive groove, formation of, 19 

as extension of blastopore, 22 
as humologue of part of entodeim, 

23 
Bplfour's view of, 23 

connection with neural groove, 

30. 32 
streak, formation of, 19 

an ectodermal thickening in- 
dented by blastopore, 22 
origin of mesoblast Irom, 22 
connection with notochord, 32 
velum {velum, a curtain). loo 
Pristiurus, heart in, 136 
Proamnion, 35, 42, n. 
Process, nasal, 95 

fronto-nasal, 95, lox 
maxillar)', 97, loi 
globular, 95 
tympano-hyal, 168 
styloid, 169 
Processus vaginalis, 127 
Proctodaeum (vpomr^s, the anus), 108 
Pronephros {irph, before ; V9^p6s, kidney), 115 
Pro-nucleus, female, male, 9, xi, 12 

chromatin filaments, in, 16 
Prosencephalon {;Kp6s, besides ; fyjc^^oAos, brain), 

68 
Prostatic vesicle, 124 
Protovertebraj {irpSearos, fii*st ; vertehi'U, I turn*, 

37 
See Mesodlastic somites. 

Protovertebral cavity, 37, 160 

Pulmonary blood-vessels, 1 10 

Pupillary membrane, 87, 88 

Purkinje, germinal vesicle of, 8 

Pyramidal tracts, the last to be medullated, 60 

Pyramids, anterior, 65 



Quadrate, the, 168 



Rabbit, polar globules observed in, 9 
]tro-amnion in, 35 
stomodsenm in, 99 
Ramon y Cajal, on posterior roots of spinal 

nerves, 75 
Ruthke, diverticulum of, 68 
on hypophysis ccretbri, 100 
visceral arches, 103 
arterial arches, 147, 150 
posterior vertebral veins of, 153 
, trabeculse cranii of, 166 
Rauber, layer of, 17, 18, 22, n., 23 

on the mechanical theory of development, 24 
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Recessus pulmonales (recesses of the lungs), 

159 
Reichert on villi in earliest oraxn, 55 

mantle of, 70 

on incus and stapes, 168 
Reid, John, on foetal circulation, 156 
Rein on the polar globules in the rabbit, 9 
Remak on bilaniination of middle blastodermic 
layer, 23 

membrana ri'Uniens superior of, 32, 162 
Renal organs, embryonic duct» of, opening into 

allantoic pedicle, 46 
Kenson on extrusion of part of nucleus of seminal 

cell, 12 
Restiform bodies, 65 
Retina (re/f, a net), origin from fore>brain, 38 

development of, 83, 86 

membrante limitantes of, 83. 86 

rods and cones of, 84, 86 

hexagonal pigmented epithelium of, 84, 
86 

central blood-vessels of, 85, 87 

ganglionic Isyer, 86 

sense epithelium of, 86 
Retzius on the zona radiata, 7 
Rhomboidal siuus, 60 
Ribs, development of, 163 
Rodents, inversion of blastodermic layers in, 

Paterson on sympathetic in, 81 

nasal septum in, 95 
Rosenburg on Wolffian duct, 118 
Round ligament, 126 

RUckert on coelom invagination in elasmo- 
branchs, 22, n. 

heart in Pristiums, 136 



Sabatikk, on origin of subclavian artery, 

150 
Eustachian valve, action of, 156 

Sacctile, 78, 90 

Saccus reunieus, 139, 151 

Sagittn, origin of mesoblast in, 22 

Kowalevsky on, 24, 26 

mesenchyme in, 27 
Salensky on the stap'ts, 168 
Sauropsida {tra&pa, a lizard ; tft^n, look), hyo- 

mandibular arch in, 168 
Scaltt> (scala, a stair) of cochlea, 93 
Scarpa, gnngliform swelling of, 78 
Schenk, on vym pathetic nerves, 81 
Schmidt, on Thebesian valve, 141 
Schneiderian membrano., 81 
Schultze, M., on rods and cones, 86 
Sclerotic (flncAijfxJs, hard), 88 
Scrotum, 127, 128 
Sedgwick, on Wolffian body, 115, n. 

Miillerian duct, 123 
Segmental tubes, 118 
Segmentation of ovum, complete, incomplete, 8 

main factors of, 9 

before fertilization, 14 

after fertilization, 16 
Sclenka, on inversion of blastodermic layers in 
rat and mouse, 23 

epiblastic connection of blastodermic vesicle 
with uterus, 53 
Semicircular cauuls, 78, 91 
&minal cell, 12 



Septum lucidum (transparent partition), ventricle 
of, 70 
spurium, 141 
inferius, 141 
membranaceum, 142 
intermedium, 142, 144 
transverse, the, 159 
Serous cavities, 159 
Sexual cells, ori^n of, 14 

conjugation of, Minot*s theory of, 14 
Sinus arcuatus (arched hollow), 102 
venosus, 112, 138, 151 
urogenitalis, 123, 128 
Skull, formation of, 166 

chondrification of, 166 
Somatopleure (a&iia, body ; vAcv^cC, the side) 

35 

formation of, 36, 99 

origin of amnion from, 42 
Somites (ff«/xa, body), mesob astic, 4 , 

Spee, on connection of mesoblastic cleavage '.vith 
notochordal canal, 34 

epiblastic oiigin of Wolffian duct, 118 
Spencer, Baldwin, on pineal eye, 68 
Sperm cell, 12 

Spermatozoon (acipyM, seed ; (uov, animal), 
accession of, to ovum, 6, 9 

fertilization by, 1 1 

fate of tail of, 1 1 

maturation of, 12 
Spinal accessor}', origin from basal lamina, 

60 
Spinal cord, development of, 57 

outermost layer of, 58 

anterior cornu of, fii-st rudiment of, 59 

columns of, 59 

fissures of, 59 

anterior commissure of, 60 

dorso-lateral and ventro-lateral lamins of, 
60 

filum terminale of, 60 

Cauda equina of, 60 

growth of, pari passu with vertebral canal, 
60 

membranes of, 60 
Splanchnopleure {anXAyxvov, the inwards ; 
trAcvp^, the side), 35 

formation of, 36, 99 
Spleen, 108 
Spongioblasts {aviyyos, sponge ; fiXeurrSs, germ), 

58 
origin of neuroglia from, 6x 

Stapes (a stirrup), 168 

Sternum, 163 

Stomach, 104 

Stomodsnm {ffT6tuiy mouth), 68, 99 

connection with nose, 95 

Strahl, on Wolffian duct, 118 

Stratum compactum, 49 

spongiosum, 49, 55 

Subchorionic membrane of Turner, 5 1 

Sulci of brain, primitive, 72 

principal, 73 

Sulcus, anterior limitirig and lateral limiting, 

34,35 
terminalis, 102 

Supra-hyoid glands, 1 10 

-pericardial bodies, 1 1 1 

Suprarenal capsules, 120 

Suspensory ligament, 113 

Symmetry of form, 4 

bilateral, 4 
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Sympathetic ganglia, 8i 

connection of, Vfith. supra-renal capsules, 

122 



Teeth, 109 

Tegmentum (a cover), 67 

Teleosteans {r4\fos, complete, htrriov, bone). 

Wolffian duct in, 1 18 
Telolecithal ova (rcAor, end, and K^tcxAos, oil- 
bottle), 8, 27, 30 
Terminal sinus, 40 
Testicle, 117, 125 

descent of, 126, 127 
Testis. See Testicle. 
Textures, general, i 

Thalamencephalon {BdKSfios, chamber, iyK4^>a\os, 
brain), 61, 67 

connection with optic stalks, 85 
Thebesian valve, 141 

Thomsen on ganglionic traces in third nerve, 77 
Thomson, Alien, on primitive aortas, 146 
Thymus (tf^w, to offer as a sacrifice), 1 1 1 
Thyroid {&vpUsf a shield), X02 

formation of, no 

pyramid of, no 
Tiedemann on rhomboidal sinus, 60 
Tissues, general, i 
Toldt on mesentery of pancreas, 113 
Tongue, 100 

formation of, 102 

foramen ciecum of, 102 

papillsB of, 102 

sulcus terwinalis of, X02 
Trabecule cranii {trabs, a beam, diminutive of), 

166 
Trachea (rpaxvs, rough), no 
Trigonum olfactoriuin [rpiy&vos^ triangular), 79 
Trophoblast {rpoipiiif nourishment, /BXaor^s, 

germ), of Hubrecht, 53 
Trnncus arteriosus, 151 
Tuberculum impar (unpaired tubercle), 102 
Turner on placenta, 48, n. 

subchorionio membrane of, 51 
Type, vertebrate, main features of, 2 



Umbilical cord, 36, 43, 104, 122, 151 

Umbilical duct, 36 

Umbilical vesicle, 36 

Umbilicus (the navel), 43 

Urachus {otfpop, urine ; .?x*» to h<dd), 122 

Ureter {oipiWf to make water), 122 

Urethra, 122, 128 

Uriniferous tubules, 119 

Uterus, mode of attachment of ovum to, 46 

changes in pregnam-y, 48 — 55 

regeneration of after parturition, 55 

formation of, 124 

bifid stage of, 124 

08 and cervix of, 124 
Uterus masculinus, 124 
Utricle {utrkulus, a little womb), 91 
Uvea {uvttj a cluster of grapes), 84, 85, 86, 88 



Vagina (a sheath), 124 
Valve of Vieussens, 66 
Yasa aberrantia of Haller, 120 
Tftscular area, 39, 151 
lamina, 151 



Veins, azygos, 153 

cardinal, 151, 152, 153 

connection of, with heart, 138, 139 

iliac, 153 

inferior cava, 152, 153 

innominate, 153 

intercostal, superior, 153 

jugular, 153 

jugular, primitive, 151, 152, 153 

pnmitive, formation of, 39 

portal and hepatic, 151, 152 

posterior vertebral, 153 

pulmonary, 144 

subclavian, 153 

superior cava, 151, 153 

umbilical, 138, 151, 152, 156 

vitelline, 39, 40,- 112, 138. 151, 152 
Velum palati (curtain of the palate), 100 
Vena ascendens, 152 

Venae, adveheutes and rovehentes, 112, 151, 152 
Venous annulus of duodenum, 151, 152 
Ventricles, lateral, 62 

third, 62, 67 

fourth, 62, 66 

fifth, 70 
Vererbungsthoorie of Weismann, 14 
Vermiform appendix, 107 
Vertebra (vertOj I turn), 2 

pennanent, 162 
Vertebral column, development, 2, 162 

bodies, 2 

segments, 4 
Vertebrate type, 2 

Vesicles of tne cerebral hemispheres, 61 
Vestibule, 78 
Villi {villus, shaggy hair) of chorion, 43 

vascularisation of, 44, 52 

connection with glands of decidua, 47 

zone of, 55 
Visceral arches, formation of ossicles of ear from, 

93 
firat, or mandibular, loi, 102 

cephalic, X02 

second or hyoid, 102 

third or thyro-hyoid, 103 

palato-pharyngeal, 103 

post- and pne-bnccal, 103 

blood supply of, 103 

cartilaginous bars of, 103, 166 
Visceral clefts, 103 

firat formation of middle ear from, 93 

cephalic, loi 

hyomandibular, 103 

fouith, fonnation of thyroid from, 1 10^ liz 
Vitelline arteries, 40 

circulation, 40 

duct. 46, 104; 151 

membrane, 8 

veins, 39, 40, 112, 138, 151, 152 
Vitellus, structure of, 7. See Yolk. 
Vitreous humour (rttruniy glass), 83, 85, 87 

; Waoner, macula germinativa of, 8 
i Waldeyer on His' parablastic theory, 26 

placental sinuses, 52 

epoophoron of, 120 

germinal epithelium o^ 124 
Weismann, theory of, 14 
Weldon on supra-renal capsules, 120 
' Wijhe, v., on Wolffian vesicles, 118, n. 

head cavities, 161 
, typical somite cavity, 161, n. 
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"Wolff, C. F. , ftrat suggestion of laminae in blasto* 
derm by, 23 

duct of, 115 
IVolffian body, 115, n., 116, 117, 118, 122 

atrophic changes of, 120 

connection with testis, 120, 126 

veins of, 151 
Wolffian duct, 115, 116, 117, 118 

remnant of, in parovarium, 120 

as duct of Gartner, 120 

male generative organs, 120 

permanent kidney, 122 

connection with Mullerian duct, 123 



Wolffian vesicles. 118, 118, n. 

Yolk, structure of, 7 
Mc, js, 99. 104 
vitelline circulation round, 40 

Zacharias, polar globules in Ascaiis, 9 
Zimmermann on arterial arches, 151 
Zona pellucida (transparent zone), 6, 7 

penetration of, by spermatozoon, 1 1 
Zonule of Ziun, 87 
Zuckerkandl, gyrus subcallosus of, 81 
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enlarged. With 353 Woodcuts and numerous Examples. Crown 8vo, 6j. 

THE ELEMENTS OF MECHANISM. New Edition, re-written 
and enlarged. With 342 Woodcuts. Crown 8vo, 6j. 

A MANUAL OF MECHANICS : an Elementary Text-Book for 
Students of Applied Mechanics. With 138 Illustrations and Diagrams, and 
141 Examples taken from the Science Department Examination Papers, with 
Answers. Fcp. 8vo, zs, 6d, 



HELMHOLTZ.— ^(9^A".9 dy HERMANN L. F, HELMHOLTZ, 

M.D.y Professor of Physics in the University of Berlin, 

ON THE SENSATIONS OF TONE AS A PHYSIOLOGICAL 
BASIS FOR THE THEORY OF MUSIC. Second English 
Edition ; with numerous additional Notes, and a new Additional Appendix, 
bringing down information to 1885, and specially adapted to the use of 
Musical Students. By ALEXANDER J. ELLIS, B.A., F.R.S., F.S.A., 
&c, formerly Scholar of Trinity College, Cambridge. With 68 Figures 
engraved on Wood, and 42 Passages in Musical Notes. Royal 8vo, price 2&r. 

POPULAR LECTURES ON SCIENTIFIC SUBJECTS. With 

68 Woodcuts. 2 Vols, crown 8vo, 15^., or separately, ^s, 6d. each. 
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HER8CHEL. OUTLINES OF ASTRONOMY. By Sir JOHN F. 

W. HERSCHEL, Bart., K.H., &&, Member of the Institute of France. 
Twelfth Edition, with 9 Plates, and numerous Diagrams. Square crown 8vo, 
price 'i2x. 



HUDSON AND GOSSE. THE ROTIFERA OR * WHEEL 

ANIMALCULES.* By C. T. HUDSON, LL.D., and P. H. GOSSE, 
F.R.S. With 30 Coloured and 4 Uncoloured Plates. In 6 Parts. 4to, price 
los, 6d. each ; Supplement, 12s. 6^. Complete in Two Volumes, with 
Supplement, 4to, £^ 4s. 

*^* The Plates in the Supplement contain figures of almost all the Foreign 
Species, as well as of the British Species, that have been discovered since the 
original publication of Vols. I. and II. 



IRVING. PHYSICAL AND CHEMICAL STUDIES IN ROCK- 

METAMORPHISM, based on the Thesis written for the D.Sc. D<^ee in 
the University of London, 1888. By the Rev. A. IRVING, D.Sc. Lend. 
Senior Science Master at Wellington College. 8vo, 5j. 



stORDAN.— lVORICS 6y WILLIAM LEIGHTON JORDAN, KR.G.S. 

THE OCEAN : A Treatise on Ocean Currents and Tides and their 
Causes. 8vo, 2IJ. 

THE NEW PRINCIPLES OF NATURAL PHILOSOPHY. 

With 13 Plates. 8vo, 21 j. 

THE WINDS: An Essay in Illustration of the New Principles of 
Natural Philosophy. Crown 8vo, 2s. 

THE STANDARD OF VALUE. 8vo. 6.. 



KOLBE. A SHORT TEXT-BOOK OF INORGANIC CHE- 

MISTRY. By Dr. HERMANN KOLBE, Professor of Chemistry in the 
University of Leipiig. Translated and Edited by T. S. HUMPIDGE, 
Ph.D., B.Sc. (Lond.), Professor of Chemistry and Physics in the University 
College of Wales, Aberystwyth. With a Coloured Table of Spectra and 
66 Woodcuts. Second Edition. Crown 8vo, price 7s. 6d. 



LARDEN. ELECTRICITY FOR PUBLIC SCHOOLS AND 

COLLEGES. With numerous Questions and Examples with Answers, 
and 214 Illustrations and Diagrams. By W. LARDEN, M. A Crown 8vo, 6f. 



PUBLISHED BY LONGMANS, GREEN ^ CO. n 



LINDLEY AND MOORE. THE TREASURY OF BOTANY, 
OR POPULAR DICTIONARY OF THE VEGETABLE 

KINGDOM : with which is incorporated a Glossary of Botanical Terms. 
Edited by J. LINDLEY, M.D., F.R.S., and T. MOORE, F.L.S. With 
20 Steel Plates, and numerous Woodcuts. 2 Parts, fcp. 8vo, price 12s, 



LLOYD. A TREATISE ON MAGNETISM, General and Terres^ 
trial. By H. LLOYD, D.D., D.C.L. 8vo, la^ 6^. 



LOUDON. AN ENCYCLOPiEDIA OF PLANTS. By j. C. 

LOUDON. Comprising the Specific Character, Description, Culture, His- 
tory, Application in the Arts, and every other desirable particular respecting 
all the plants indigenous to, cultivated in, or introduced into, Britain. Cor- 
rected by Mrs. LOUDON. 8vo, with above 12,000 Woodcuts, price 42J. 



MARTIN. NAVIGATION AND NAUTICAL ASTRONOMY. 

Compiled by Staflf-Commander W. R. MARTIN, R.N., Instructor in 
Surveying, Navigation, and Compass Adjustment ; Lecturer on Meteorology 
at the Royal Naval College, Greenwich. Sanctioned for use in the Royal 
Navy by the Lords Commissioners of the Admiralty. Royal 8vo, iSs. 



MEYER. MODERN THEORIES OF CHEMISTRY. By Pio- 

fessor LOTHAR MEYER. Translated, from the Fifth Edition of the 
German, by P. PHILLIPS BEDSON, D.Sc. (Lond.), B.Sc. (Vict.), F.C.S., 
Professor of Chemistry, Durham College of Science, Newcastle-on-Tyne ; and 
W. CARLETON WILLIAMS, B.Sc. (Vict.), F.C.S., Professor of Che- 
mistry, Firth College, Sheffield. 8vo, i8x. 



fA\LLER.—lVOR/CS fy WILLIAM ALLEN MILLER, M.D,, D.C.L,, 

LL.D.t lait Professor 0/ Cfumutty in. King's College, London. 
THE ELEMENTS OF CHEMISTRY, Theoretical and Practical. 

Part I. CHEMICAL PHYSICS. Sixth Edition, revised by HER- 
BERT McLEOD, F.C.S. With 274 Woodcuts. 8vo, price i6j. 

Part II. INORGANIC CHEMISTRY. Sixth Edition, revised 
throughout, with Additions by C. E. GROVES, Fellow of the Che- 
mical Societies of London, Paris, and Berlin. With 376 Woodcuts. 
8vo, price 24;. 

Part III. ORGANIC CHEMISTRY, or the Chemistry of Carbon 
Compounds. Hydrocarbons, Alcohols, Ethers, Aldthides and Pkraffincid 
Acids. Fifth Edition, revised and in great part re-written,^ by H. E. 
ARMSTRONG,F.R.S.,andC.E. GROVES, F.C.S. 8vo, price zis.dd. 
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MITCHELL. MANUAL OF PRACTICAL ASSAYING. By 

JOHN MITCHELL, F.C.S. Sixth Edition. Edited by W. CROOKES, 
F.R.S. With 20I Woodcuts. 8vo, price 3IJ. tJ. 



MORGAN. ANIMAL BIOLOGY. An Elementary Text Book. By 
C- LLOYD MORGAN, Professor of Animal Biology and Geology in 
University College, Bristol. With numerous Illustrations. Crown 8vo, Sj. 6^. 



ODLING. A COURSE OF PRACTICAL CHEMISTRY, Arranged 

f r the use of Medical Students, with express reference to the Three Months' 
Summer Practice. By WILLIAM ODLING, M.A., F.R.S. Fifth Edition, 
with 71 Woodcuts. Crown 8vo, price 6j. 



OLIVER. ASTRONOMY FOR AMATEURS: A PRACTICAL 

MANUAL OF TELESCOPIC RESEARCH IN ALL LATI- 

TUBES ADAPTED TO THE POWERS OF MODERATE 

INSTRUMENTS. Edited by JOHN A. WESTWOOD OLIVER, with 
the assistance of T. W. BACKHOUSE, F.R.A.S. ; S. W. BURNHAM, 
M.A., F.R.A.S. ; J. RAND CAPRON, F.R.A.S.; W. F. DENNING, 
F.R.A.S. ; T. GWYN ELGER, F.R.A.S. ; W. S. FRANKS, 
F.R.A.S. ; J. E. GORE, M.R.LA., F.R.A.S. ; SIR HOWARD 
GRUBB, F.R.S., F.R.A.S. ; E. W. MAUNDER, F.R.A.S. ; and 
others. Illustrated. Crown 8vo, Js. 6d. 



PAYEN. INDUSTRIAL CHEMISTRY; A Manual for use in Tech- 
nical Colleges or Schools, also for Manufacturers and others, based on a 
Translation of Stohmann and £ngler*s German Edition of Payen*s Pr/cis de 
Chimit IndustridU, Edited and supplemented with Chapters on the ChemistT}' 
of the Metals, &c., by B. H. PAUL, Ph.D. With 698 Woodcuts. Medium 
8vo, price 42J. 

REYNOLDS. EXPERIMENTAL CHEMISTRY for Junior Students. 
By J. EMERSON REYNOLDS, M.D., F.R.S., Professor of Chemistry, Univ. 
of Dublin. Fcp. 8vo, with numerous Woodcuts. 

Part I. —Introducto-yy price is. 6d, 

Part IL — Non- Metals ^ with an Appendix on Systematic Testing for 
Acids, price 2s, 6d, 

Part HI. — Metals and Allied Bcdies, price 3J. 6</. 
Part IV. — Chemistry of Carbon Compounds ^ price 4J. 



PUBLISHED BY LOXGAfANS, GREEN &* CO. 
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PROCTOR.— ^^<^^A'5 by RICHARD A. PROCTOR, 



LIGHT SCIENCE FOR 

LEISURE HOURS; Familiar 
Essays on Scientific Subjects, 
Natural Phenomena, Sac, 3 Vols, 
crown 8vo, 5J. each. 

THE ORBS AROUND US; a 

Series of Essays on the Moon and 
Planets, Meteors, and Comets. 
With Chart and Diagrams, crown 
8vo, 5j. 

OTHER WORLDS THAN 

OURS ; The Plurality of Worlds 
Studied under the Light of Recent 
Scientific Researches. With 14 
Illustrations, crown 8vo, 5^. 

THE MOON ; her Motions, As- 
pects, Scenery, and Physical 
Condition. With Plates, Charts, 
Woodcuts, and Lunar Photo- 
graphs, crown 8vo, ^s, 

UNIVERSE OF STARS; Pre- 
senting Researches into and New 
Views respecting the Constitution 
of the Heavens. With 22 Charts 
and 22 Diagrams, 8vo. lor. 6d, 

LARGER STAR ATLAS for 

the Library, in 12 Circular Maps, 

with Introduction and 2 Index 

Pages. Folio, 151., or Maps 
only, \2s, 6d, 

NEW STAR ATLAS for the 

Library, the School, and the Ob- 
servatory, in 12 Circular Maps 
(with 2 Index Plates). Crown 
8vo, y. 

THE STUDENTS ATLAS. 

In 12 Circular Maps on a Uni- 
form Projection and i Scale, 
with 2 Index Maps. Intended as 
a vade-mecum for the Student 
of History, Travel, Geography, 
Geology, and Political Economy. 
With a letter-press Introduction 
illustrated by several cuts. y. 

OLD AND NEW ASTRO- 
NOMY. In 12 Parts. Price 2s. M, 
each ; supplementary section, is, 
(in course of publication) ; com- 
plete, 36/. cloth. [AVearfy ready. 



STUDIES OF VENUS-TRAN- 
SITS ; an Investigation of the 
Circumstances of the Transits of 
Venus in 1874 and 1882. With 7 
Diagrams and 10 Plates. 8vo, 51. 

ELEMENTARY PHYSICAL 

GEOGRAPHY. With 33 Maps 
and Woodcuts. Fop. 8vo, is, 6d, 

LESSONS IN ELEMENTARY 

ASTRONOMY ; with Hints for 
Young Telescopists. With 47 
Woodcuts. Fcp. 8vo, is, 6d. 

FIRST STEPS IN GEOME- 
TRY: a Series of Hints for the 
Solution of Geometrical Pro- 
blems ; with Notes on Euclid, 
useful Working Propositions, ancl 
many Examples. Fcp. 8vo, 3^, 6</. 

EASY LESSONS IN THE 

DIFFERENTIAL CALCU- 
LUS : indicating from the Outset 
the Utility of the Processes called 
Differentiation and Integration. 
Fcp. 8vo, 2s, 6d, 

THE STARS IN THEIR SEA- 
SONS. An Easy Guide to a 
Knowledge of the Star Groups, in 
12 Large Maps. Imperial 8vo, 5^. 

STAR PRIMER. Showing the 

Starry Sky Week by Week, in 24 
Hourly Maps. Crown 4to, 2s. 6d. 

THE SEASONS PICTURED 

IN 48 SUN VIEWS OF THE 
EARTH, and 24 Zodiacal Maps, 
&c. Demy 4to, 5^. 

ROUGH WAYS MADE 

SMOOTH. Familiar Essays on 
Scientific Subjects. Crown 8vo, 5^. 

HOW TO PLAY WHIST: 

WITH THE LAWS AND ETI- 
QUETTE OF WHIST. Crown 
8vo, 3j. 6d, 

HOME WHIST : an Easy Guide 
to Correct Play. i6mo, is, 

[Continued, 
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PROCTOR.— WORKS by RICHARD A. PROCTOR-^continued. 



OUR PLACE AMONG INFI- 

NITIES. A Series of Essays 
contrasting our Little Abode in 
Space and Time with the Infini- 
ties around us. Crown 8yo, 5j. 

STRENGTH AND HAPPI- 
NESS. Crown 8vo, ^s, 

STRENGTH: How to get Strong 

and keep Strong, with Chapters 
on Rowing and Swimming, Fat, 
Age, and the Waist. With 9 Il- 
lustrations. Crown 8vo, 2j. 

THE EXPANSE OF HEAVEN, 

Essays on the Wonders of the 
Firmament. Crown 8vo, 5j. 

THE GREAT PYRAMID, OB- 
SERVATORY, TOMB, AND 
TEMPLE. With UlustraUons. 
Crown Svo, 5j. 



PLEASANT WAYS IN 
SCIENCE. Crown Svo, 51. 

MYTHS AND MARVELS OF 
ASTRONOMY. Crown Svo, 5J. 

CHANCE AND LUCK ; a Dis- 
cussion of the Laws of Luck, 
Coincidences, Wagers, Lotteries, 
and the Fallacies of Gambling, 
&c. Crown Svo^ 25. boards, 
zs, 6d, cloth. 

NATURE STUDIES. By 
Grant Allen, A. Wilson, 
T. Foster, E. Clodd, and 
R. A. Proctor. Crown Svo, $5. 

LEISURE READINGS. ByE. 
Clodd, A. Wilson, T. Foster, 
A. C. RuNYARD, and R. A. 
Proctor. Crown Svo, 5^, 



SCHELLEN. SPECTRUM ANALYSIS IN ITS APPLICATION 

TO TERRESTRIAL SUBSTANCES, and the Physical Constitution 
of the Heavenly Bodies. Familiariy explained by the late Dr. H. SCHELLEN. 
Translated from the Third Enlarged and Revised German Edition by JANE 
and CAROLINE LASSELL. Edited, with Notes, by Capt. W. DE W. 
ABNEY, R.E. Second Edition. With 14 Plates (includmg Angstrom's and 
Cornu's Maps) and 291 Woodcuts. Svo. Price 31J. 6d, 

SCOTT. WEATHER CHARTS AND STORM WARNINGS. 

By ROBERT H. SCOTT, M.A., F.R.S. With numerous Illustrations, 
Crown Svo, 6x. 

SLINGO AND BROOKER. ELECTRICAL ENGINEERING 
FOR ELECTRIC LIGHT ARTISANS AND STUDENTS. 

(Embracing those branches prescribed in the Syllabus issued by the City and 
Guilds Technical Institute.) By W. Slingo, Principal of the Telegraphists' 
School of Science, &c., &c., and A. Brooker, Instructor on Electrical 
Engineering at the Telegraphists' School of Science. With 307 Illustrations. 
Crown Svo, price los, 6d, 

SMITH. GRAPHICS; OR, THE ART OF CALCULATION 

BY DRAWING LINES, applied to Mathematics, Theoretical Me- 
chanics and Engineering, including the Kinetics and Dynamics of Machinery, 
and the Statics of Machines, Bridges, Roofs, and other Engineering Structures. 
By ROBERT H. SMITH, Professor of Civil and Mechanical Engineering, 
Mason Science College, Birmingham. 

Part I. Text, with separate Atlas of Plates— Arithmetic, Algebra, 
Trigonometry, Vector, and Locor Addition, Machine Kinematics, and Statics 
of Flat and Solid Structures. Svo, 15^^. 



PUBUSHED BY LONGMANS, GREEN &* CO. 15 

THORPE. A DICTIONARY OF APPLIED CHEMISTRY. 

By T. E. Thorpe, B.Sc. (Vict.), Ph.D., F.R.S., Treas. C.S., Professor of 
Chemistry in the Normal School of Science and Royal School of Mines, South 
Kensington. Assisted by Eminent Contributors. 3 vols., £2 2s, each. 

[ Vol, L now ready. 

TiH'OtK\jL,r-WORKS by JOHN TYNDALL, KRS., &'c. 
FRAGMENTS OF SCIENCE. 2 Vols. Crown 8vo, i6j. 
HEAT A MODE pF\)rfOTI0N. Crown 8vo, 12s. 
SOUND. With 204 Woodcuts. Crown 8vo, lOf. 6</. 

RESEARCHES ON DIAMAGNETISM AND MAGNE-CRYS- 

TALLIC ACTION, including the question of Diamagnetic Polarity* 
Crown 8vo, 12s. 

ESSAYS ON THE FLOATING-MATTER OF THE AIR 

in relation to Putrefaction and Infection. With 24 Woodcuts. Crown Svo,. 
74. 6d, 

LECTURES ON LIGHT, delivered in America in 1872 and 1873. 
With 57 Diagrams. Crown 8vo, $s, 

LESSONS IN ELECTRICITY AT THE ROYAL INSTITU- 

TION, 1875-76. With 58 Woodcuts. Crown 8vo, 2J. 6d. 

NOTES OF A COURSE OF SEVEN. LECTURES ON 
ELECTRICAL PHENOMENA AND THEORIES, delivered at 
the Royal Institution. Crown 8vo, is. sewed, is, 6d, cloth. 

NOTES OF A COURSE OF NINE LECTURES ON LIGHT, 

delivered at the Royal Institution. Crown 8vo, is, sewed, is, 6d, cloth. 
FARADAY AS A DISCOVERER. Fcp. 8vo, y. 6^. 



WATTS' DICTIONARY OF CHEMISTRY. Revised and aiUrely 
Re- written by H. FORSTER MORLEY, M.A., D.Sc, Fellow of, and lately 
Assistant-Professor of Chemistry in. University Collie, London ; and M. M. 
PATTISON MUIR, M.A., F.R.S.E., Fellow, and Praelector in Chemistry, 
of Gonville and Caius College, Cambridge. Assisted by Eminent Contributors. 
To be Published in 4 Vols. 8vo. Vols. I. & II. 42s, each. [Now ready. 



WEBB. CELESTIAL OBJECTS FOR COMMON TELESCOPES. 

By the Rev. T. W. WEBB, M.A. Fourth Edition, adapted to the Present 
State of Sidereal Science ; Map, Plate, Woodcuts. Crown Svo, price 91. 



WILLIAMS. MANUAL OF TELEGRAPHY. By W. WILLIAMS, 

Superintendent Indian Government Telegraphs. With 93 Woodcuts. 8v0y 
lor. &/• 
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TEXT- BOOKS OF SCIENCE. 



PHOTOGRAPHY. By Captain W. 
I)E WiYBLRSLiE Abnby,C.B., F.R.S. With 
105 Woodcuts. Price y. 6d. 

THE STRENGTH OF MATERIALS 
AND STRUCTURES: the Strength of 
Materials as depending on their quality and 
as ascertained by Testing Apparatus ; the 
Strength of Structures, as depending on 
their form and arrangement, and on the 
materials of which they are composed. By 
Sir J. Anderson, C.E., &c. With 66 
Woodcuts. Price 3^. 6d, 

INTRODUCTION TO THE STUDY 
OF ORGANIC CHEMISTRY; the 
CHEMISTRY of CARBON and its COM- 
POUNDS. By Henry E. Armstrong. 
Ph.D., B'.R.S. With 8 Woodcuts. Price 

ELEMENTS OF ASTRONOMY. 
By Sir R- S. Ball, LL.D., F.R.S., Andrews 
Professor of Astronomy in the Univ. of 
Dublin, Royal Astronomer of Ireland. With 
136 Woodcuts. Price 6*. 

RAILWAY APPLIANCES. A De- 
scription of Details of Railway Construction 
subsM^uent to the completion of Earthworks 
and Structures, including a short Notice of 
Railway Rolling Stock. By John Wolfe 
Barry, M.I.CE. With 207 Woodcuts. 
Price 3*. td. 

SYSTEMATIC MINERALOGY. By 
Hilary Baurrman, F.G.S., Associate of 
the Royal School of Mines. With 373 
Woodcuts. Price ts. 

DESCRIPTIVE MINERALOGY. By 
Hilary Bauerman, F.G.S., &c. With 
23S Woodcuts. Price dr. 

METALS, THEIR PROPERTIES 
.\ND TREATMENT. By C. L. Bloxam 
and A. K. Huntington, Professors in 
King's College, London. With 130 Wood> 
cuts. Price 5*. 

PRACTICAL PHYSICS. By R. T. 
Glazebrook, M.A., F.R.S., and W. N. 
Shaw, M. A. With 80 Woodcuts. Price 6f. 

PHYSICAL OPTICS. By R. T. 

Glazbbrook, M.A., F.R.S., Fellow and 
Lecturer of Trin. Coll., Cambridge. With 
183 Woodcuts. Price 6f. 

THE ART OF ELECTRO^METAL- 

LURGY, including all known processes of 
Electro Deposition. By G. Gokr, LL.D., 
F.R.S. With 56 Woodcuts. Price 6*. 

ALGEBRA AND TRIGONOMETRY. 
By William Nathaniel Griffin, B.D. 
Price y. 6d. NOTES ON, wih SOLU- 
TIONS of QUESTIONS. Price 3*. 6el. 

THE STEAM-ENGINE. By George 

C. V. Holmrs, Whit worth Scholar ; Secre- 
ta'y of the Institution of Naval Architects. 
With 3t2 Woodcuts. Price 6s. 



ELECTRICITY AND MAGNETISM. 
By Flebming Jbnkin, F.R.SS. L. & £. 
With 177 Woodcuts. Price y. 6d. 

THEORY OF HEAT. ByJ. Clekk 
Maxwell, M.A., LL.D. Edin., F.R.SS. 
L. & E. With 4x Woodcuts. Price y. td. 

TECHNICAL ARITHMETIC AND 
MENSURATION. By Charlbs W. 
Mbrrifield, F.R.S. Price 3*. 6d. KEY. 
Price 3*. td. 

INTRODUCTION TO THE STUDY 
OF INORGANIC CHEMISTRY. By 
William Allen Miller, M.D., LL.D., 
F. R.S. With 7a Woodcuts. Price 3*. (id. 

TELEGRAPHY. By W. H. Preece, 
F.R.S., M.I.C.E., and J. Sivewright, 
M.A., C. M.G. With z6o Woodcuts. 
Price y, 

THE STUDY OF ROCKS. AN 
ELEMENTARY TEXT - BOOK OF 
PETROLOGY. BvFrankRutley.F.O.S. 
of Her Majesty's Geological Survey. With 
6 Plates and 88 Woodcuts. Price \s. td. 

WORKSHOP APPLIANCES, includ- 
ing Descriptions of some of the Gauging and 
Measuring Instruments — Hand • Cutting 
Tools^ Lathes, Drilling, Planing, and other 
Machme Tools used by Engmeers. By 
C. P. B. Shellby, M.I.C.E. With t^x 
Woodcuts. Price fr. td. 

STRUCTURAL AND PHYSIOLO- 
GICAL BOTANY. By Dr. Otto Wilhhlm 
Thom6, Rector of the High School, Cologne, 
and A. W. Bbnnbtt, M.A., B.Sc., F.L.S. 
With 600 Woodcuts and a Coloured Map. 
Price 6f. 

QUANTITATIVE CHEM'iCAL AN- 
ALYSIS. By T. E. Thorpe, F.R.S., 
Ph.D. With 88 Woodcuts. Price 4^. td, 

QUALITATIVE ANALYSIS AND 
LABORATORY PRACTICE. By T. E. 
Thorfb, Ph. D., F.R.S., and M. M. Patti- 
SON MuiR, M.A. and F.R.S.E. With Plate 
of Spectra and 57 Woodcut's. Price y. td. 

INTRODUCTION TO THE STUDY 
OF CHEMICAL PHILOSOPHY; THE 
PRINCIPLES OF THEORETICAL 
AND SYSTEMATICAL CHEMISTRY. 
By William A. Tilden, D.Sc London, 
F.R.S. With 5 Woodcuts. With or with- 
out Answers to Problems. Price 4^. td. 

THE ELEMENTS OF MACHINE 
DESIGN. By W. Cawthornb Unwin, 
F.R.S., Professor of En^neering at the 
Central Institute of the City and Guilds of 
London Institute. Part I., Gbnbral Prin- 
ciples, Fastenings, and TRANSMissiva 
Machinery. Eleventh Edition, Revised 
and Enlarged. With 304 Diagrams and 
Illustrations, price 6x. 

PLANE AND SOLID GEOMETRY 
By H. W. Wa1«on, M.A i^ce y. td 
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